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(54) Title: A METHOD FOR THE LONG-TERM PRESERVATION OF MEAT AND THE MEAT PROCESSED THEREBY 
(57) Abstract 



A method for preserving meat and the meat processed thereby is disclosed. The method includes the steps of exposing raw meat to 
an atmosphere consisting essentially of carbon monoxide and maintaining the meat in a sealed container to maintain color and freshness 
while retarding bacterial growth. 
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A METHOD POS TEE LONG-TERM PRESERVATION OF MEAT 
AMD THE MEAT PROCESSED THRRgay 

BACKGROUND OP THE INVENTION 

5 

TECHNICAL FIELD 
The present invention relates to a method 
for preserving raw meat and more specifically 
relates to a method for preserving raw meat by 
10 exposing the meat to an atmosphere consisting 
essentially of carbon monoxide. 

BACKGROUND ART 
It is well known in the meat processing 

IS industry that from the time animals are 
slaughtered, measures must be taken to preserve the 
meat and prevent it from becoming rancid or 
spoiled. The measures to preserve raw meat must be 
implemented and carried through from the time the 

20 animal is first slaughtered through the time the 
meat is purchased and ultimately consumed by the 
purchaser . 

Historically, preservation of the 
freshness or quality of the meats has been 
25 practiced for hundreds, if not thousands of years. 
Early preservation techniques of meat took the form 
of drying or "jerking" meat and packing or storing 
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cuts of meat in salt. This method, while somewhat 
effective for preserving meat and keeping it from 
becoming spoiled, had many drawbacks not the least 
of which was the incorporation of large amounts of 
5 salt into meat slated for human consumption. 

The use of additives or preservatives 
such as nitrates and nitrites to meats is another 
common technique for preserving meat over time. 
However, there is ever increasing evidence that 
10 such additives may have harmful, even carcinogenic 
drawbacks. These drawbacks detract from the use of 
these compounds as mechanisms for the long term 

preservation of meat. 

With the introduction of reliable means 
15 for refrigeration, i.e., the ability to maintain a 
low temperature regardless of the external 
environment, the long-term preservation of raw meat 
has been greatly enhanced and greatly increased the 
duration of the preservation. Frequently, in 
20 modern meat processing, animals are slaughtered at 
one place which can be remote from the point of 
sale and the eventual consumer, and as much as a 
week can pass before the meat is actually consumed. 
This lag between the slaughtering of the meat and 
25 its consumption requires that the meat be 
constantly maintained under refrigeration in order 
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to preserve its quality and prevent its degradation 
over this time period. 

For example, an animal (a cow) may be 
slaughtered and cut into halves or quarters which 
5 are then forwarded to a wholesaler or retailer 
where they may be divided into smaller cuts such as 
steaks or roasts. During the transfer of the meat 
from the slaughter house to the wholesaler or 
retailer, the meat must be maintained, frequently 

10 the meat is frozen in order to preserve its 
quality. After the meat has been divided into cuts 
for sale to the eventual consumer, it must also be 
maintained under constant refrigeration in order to 
preserve its quality. Under this distribution 

15 scheme, it can be from a few days to more than a 
week before the meat is purchased and consumed. 
It, therefore, becomes evident that this constant 
requirement for very low temperatures greatly 
contributes to the cost of meat. 

20 Another example of the costly 

disadvantages of very low transportation and 
storage temperatures can be illustrated by practice 
of long distance overseas shipment and distribution 
of frozen meat. Today, freezing is a standard 

25 method of distributing meat processed in one region 
of the world to another region wh r it is to be 



10/04/7002. EAST Version: 1.03.0002 



WO 96/33096 



-4- 



PCT/US96/0S373 



consumed. Overseas shipment of frozen meat is both 
very costly and thawed meat obtained by this method 
is no longer considered to be "fresh" meat. That 
is, once a piece of meat has been frozen, by 
5 definition it is no longer considered to be 
"fresh." A method of overseas transportation of 
meat which maintains the "freshness" of meat 
transported for distribution would be highly 
desirable. Since the only method available for 
10 long distance overseas distribution of meat is by 
shipping frozen meat, no method currently exists 
which would allow for the overseas distribution of 
"fresh," unfrozen meat. 

Transportation of slaughtered meat from 
15 the slaughter house to the wholesaler or retailer 
requires the use of some form of refrigerated 
transportation, such as refrigerated tractor- 
trailer trucks. This is a costly mode of 
transportation since it requires specialized 
20 equipment and extra fuel to provide and maintain 
refrigeration. 



25 
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In addition to preserving the overall 
quality and fitness of the meat for consumption, 
other methods have been derived which are aimed at 
preserving the color of fresh meat. That is, 
5 methods have been developed which maintained for 
example, the red color of fresh meat, such as beef. 

Typical examples of methods for treating 
raw meat to preserve the color of the meat are 
disclosed in United States Patent Nos. 3,459,117 to 

10 Koch et al., 4,001,446 and 4,089,983 both to Hood, 
and 4,522,835 and 3,930,040 to Woodruff et al. All 
of these patents disclose methods or processes for 
preserving or maintaining the color of meat such as 
beef, poultry or fish. 

15 Both of the Hood references disclose 

methods of exposing an animal protein source to a 
reducing agent and then an environment of carbon 
monoxide in order to preserve the bright red color 
of protein source. Additionally, the Hood et al. 

20 references only treat slurries of the protein 
source as this is required for saturation by the 
carbon monoxide. The source is then mixed with the 
remainder of the food stuff to prepare a moist dog 
food. Further, the references are concerned only 

25 with the application of carbon monoxide in order to 
preserve the color of product and both require 
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subsequent processing, such as canning or heat 
sterilization, in order to preserve the actual 
quality and freshness of the product. 
Additionally, the Hood '983 reference discloses the 
5 addition of a sufficient amount of microbiological 
and bacteriological inhibitors to further preserve 

the product. 

The Woodruff et al. '835 reference 
discloses a process for maintaining a good color 
10 and the freshness meat by first exposing meat to an 
atmosphere with a small amount of oxygen and then 
exposing the meat to a modified atmosphere 
containing a small amount of carbon monoxide to 
effect the conversion of myoglobin to 
15 carboxymyoglobin. A third required step is the 
maintenance of the meat in an atmosphere of higher 
than 10% carbon dioxide. 

The Woodruff et al. '040 patent discloses 
a process for storing or shipping fresh meat in a 
20 modified gaseous atmosphere. The process requires 
maintaining refrigerated meat in an artificial 
atmosphere composed of oxygen, carbon dioxide and 
carbon monoxide as well as nitrogen. The carbon 
monoxide may be removed from the modified material 
25 after the meat has been treated for at least one 
hour. 
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The Woodruff et al . patents teach 
maintaining the color in meat by treating the meat 
with a mixture of gases including carbon monoxide. 
That is, the Woodruff et al. patents teach chemical 
5 alteration of the surface of the meat to maintain 
the color of the meat and utilize refrigeration for 
meat preservation. Additionally, the Woodruff et 
al. patents teach the treatment -of meat using a 
gaseous mixture of carbon monoxide, oxygen, carbon 

10 dioxide, and nitrogen. This method of treatment 
results in the creation of a storage environment 
which has low oxygen concentration and a carbon 
dioxide concentration of approximately ten percent. 
This type of gaseous mixture creates optimal growth 

15 conditions for the growth of microaerophil bacteria 
such as Helicobacter pylori and Campylobacter 
jejuni which are known to be pathogens which cause 
widespread gastroenteritis. The Woodruff et al. 
method of treating meat does maintain the color of 

20 fresh meat, however, the Woodruff et al. method has 
the disadvantage of accelerating bacterial 
contamination of meat treated by the Woodruff et 
al* method, thus shortening the storage life of the 
meat treated thereby. 

25 
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The Koch et al. '117 patent discloses a 
cover useful for treating fresh red meat with 
carbon monoxide in order to maintain the bright red 
color of the meat. Koch et al., teaches a cover 

5 comprised of two films which are sealed together 
around the edges and which confines a quantity of 
carbon monoxide gas therebetween. Both film layers 
are substantially carbon monoxide impermeable when 
dry, however,- when the film is brought into contact 
10 with a freshly cut sample of red meat, the moisture 
in the meat wets the film and transforms the film 
into a carbon monoxide permeable structure. The 
carbon monoxide then contacts the meat sample 
thereby causing the meat to maintain its desired 

IS red color. 

The Australian Patent Document No. 
AU-A-18559/92 to Tamayama et al., discloses a 
method for maintaining and improving the quality of 
meat by causing meat to contact and absorb carbon 
20 monoxide gas in a sealed container and then 
requiring removal of the carbon monoxide gas from 
the container. Exemplifying the criticality of the 
removal of the carbon monoxide gas from the 
container, the patent requires that the carbon 
25 monoxide gas within the container be sucked and 
discharge by mear-a of a pump. 
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Heretofore, the treatment of raw meat 
with carbon monoxide has been taught simply as a 
mechanism for preserving the color of the meat and, 
not as a mechanism for the long-term preservation 
5 of a meat sample over time in a fresh, non- frozen 
form. 

While the above-disclosed patents teach 
the exposure of raw meat to gas mixtures containing 
carbon monoxide or the exposure of meat slurries to 

10 carbon monoxide in combination with other steps, 
they fail to teach a simple method of exposing raw 
meat solely to carbon monoxide. 

In order to overcome the problems and 
deficiencies of the prior art methods, it is 

15 desirable that a method of preserving raw meat be 
introduced which eliminates the cost and associated 
problems with the prior art preservation 
techniques. 

Appl icant has deve 1 oped a s ingle s t ep 

20 method for preserving meat by exposing raw meat to 
an atmosphere consisting essentially of carbon 
monoxide and, then, storing the meat in a sealed 
container. Unlike prior art preservation methods, 
no additional steps, compounds or additives are 

2 5 required in order to prevent the growth of 
microbiological or bacterial organisms . 
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SUMMARY OF THE INVENTION AMD ADVANTAGES 

According to the present invention, a 
method for preserving meat by exposing raw meat to 
an atmosphere consisting essentially of carbon 
5 monoxide is shown. Meat treated according to the 
present invention may not require any form of 
subsequent refrigeration under certain conditions 
and time constraints and can be stored for long 
periods of time following treatment with the carbon 
10 monoxide without significant bacterial growth, 
without freezing, and without a loss in meat 
quality. 



BRIEF DESCRIPTION OF THE DRAWINGS 

L5 Other advantages of the present invention 

will be readily appreciated as the same becomes 
better understood by reference to the following 
detailed description when considered in connection 
with the accompanying drawings wherein.- 

20 

FIGURE 1 is a bar graph of the 
relationship between aerobic bacterial growth on a 
fresh meat sample stored at 22-30'C over time in 
either a CO treated environment or an air only 
25 environment; 
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FIGURE 2a is a histogram illustrating 
preservation duration of CO preserved meats and air 

treated meat preserved at 5 +/- 3°C as determined 

by Microaerophil growth; 

5 

FIGURE 2b is a histogram illustrating 
preservation duration of CO preserved meats and air 
treated meat preserved at 5 +/- 3°C as determined 
by total viable aerobic bacterial growth; 

10 

FIGURE 3 is a graph illustrating spectral 
analysis of the amounts of hemoglobin in the blood 
of cats that consumed either CO treated meat or air 
treated meat; 

15 

FIGURE 4 is a photograph illustrating 
meats, the colors of meat treated with (A) vacuum 
only, (B) N 2 , (C) air, and (D) CO; 

20 FIGURE 5 is a photograph illustrating the 

color change in meat treated without CO (left) and 
meat treated with CO (right) ; 

FIGURE 6 is a photograph illustrating the 
25 internal color change of meat treated without CO 
(left) and meat treated with CO (right) ; 
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FIGURE 7 is a photograph illustrating the 
color change of a piece of fresh CO treated meat 
stored at 5°C for three days; 

5 FIGURE 8 is a photograph illustrating the 

same meat sample shown in Figure 7 stored with CO 
at 5°C for ten days; 

FIGURE 9 is a photograph illustrating a 
10 transverse cut of the meat sample shown in FIGURE 8 
made at 7 cm from the edge showing homogenous 
bright red color; 

FIGURE 10 is a photograph illustrating 
15 transverse cuts of CO treated (left) and frozen 
(right) meat samples after twelve days of storage; 

FIGURE 11 is a photograph of the 
transverse cuts of meat shown in FIGURE 10 after 
20 cooking; 

FIGURE 12 is a photograph illustrating 
transverse cuts of the cooked meat samples shown in 
FIGURE 11; and 

25 
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FIGURE 13 is a photograph illustrating a 
section of CO treated *neat as shown in FIGURE 10, 
following exposure to open air at 5°C for two 
weeks, at the end of this two week period, the meat 
5 sarqple was ground, a 200 gram "hamburger- like" 
sample was cooked and released CO was measured, 
(top) prior to cooking, (bottom) following cooking. 



DETAILED DESCRIPTION OP THE PREFERRED EMBODIMENT 

!0 Generally, the present invention provides 

a method for preserving meat by exposing raw meat, 
processed or not, to an atmosphere consisting 
essentially of carbon monoxide (CO) and, 
subsequently, . storing the meat in a sealed 

15 container. 

For the purposes of the present 
invention, the term "meat" is defined to include 
all types of fresh meat and fresh poultry such as 
beef, pork, veal, lamb, chicken, turkey, fish and 

20 the like . The meat may be in the form of 
carcasses, primals (e.g., quarters), subprimals 
(e.g., top round) , or retail cuts (e.g., steaks, 
ground meat and roasts) . The process is also 
effective on whole animals including, but not 

25 limited to, cattle, chickens, and fish. Unlike 
prior art methods, the meat need not be slurried or 
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otherwise pretreated. "Fresh meat" is defined as a 
meat article which has not been frozen and 
subsequently thawed before its sale or consumption. 



By preserving, it is meant that the meat 
5 maintains a pleasing color, does not spoil and 
develop a foul smell, bacterial growth is 
significantly inhibited or retarded, and remains 
completely pleasing, edible and consumable by 
humans and other animals. Preservation is not only 
10 maintained on the surface of the meat, but also 
throughout the entirety of the meat. That is, the 
meat is preserved throughout the thickness of the 
meat. "Pleasing color" implies that the color of 
the meat, preserved by the method according to the 
15 present invention, is such that it stimulates the 
appetite to consume the meat. That is, the color 
and odor of the preserved meat is such that a 
consumer would be enticed by the meat and would 
want to consume the meat. Again, meat color is 
20 also preserved throughout the thickness of the 
meat. 

The term "without freezing" is defined as 
storing the meat wherein the temperature is kept 
between approximately -2 to 30"C. The term 
25 "without freezing" also excludes the use of any 
device or method for freezing the meat. Such 
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devices include, mechanical or electrical 
refrigeration devices such as refrigerators, 
freezers, coolers, and chillers. This term also 



consisting essentially of carbon monoxide is 
defined as bringing into intimate contact both 
carbon monoxide gas and the meat being treated. 

10 The atmosphere preferably consists of carbon 
monoxide. This term also includes the cortplete 
conversion of myoglobin present in the meat sanple 
to carboxymyoglobin and, the complete conversion of 
myoglobin to carboxymyoglobin/carboxyhemoglobin in 

15 fish. The meat is completely immersed or saturated 
with carbon monoxide. 



meat is completely immersed in or saturated to its 
core with carbon monoxide from the exposed surfaces 
20 through the entire cross-section (thickness) 
including its core region and retains the carbon 
monoxide until the meat is cooked. Thus, as stated 
above, the meat is preserved throughout its 
thickness . 



excludes the preservation of meat by freezing 
5 through storage on ice. 

Exposing raw meat to an atmosphere 




More specifically, a cross-section of 



25 
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Carbon monoxide is inherently a very 
inert gas. Carbon monoxide is relatively more 
inert than nitric oxide gas (NO) released from 
nitrites which have been used as preservatives for 
5 meat for several hundred years. Carbon monoxide is 
a normal metabolite in the body. It is produced 
indigenously as a product of heme catabolism 
(mostly the breakdown of hemoglobin) . Carbon 
monoxide is further converted to carbon dioxide and 
10 is released from the body in that form. Recently, 
it has been found that normal metabolism utilizes 
carbon monoxide as a neurological messenger. 
(Baranaga, 1993) The high toxicity of carbon 
monoxide generally stems from its ability to 
15 compete with oxygen for binding to hemoglobin. 

Practically all of the carbon monoxide 1 
(over 99.9%) taken up by meat will be maintained as 
hemoglobin and myoglobin (Hb/Mb) bound forms. The 
distribution of carbon monoxide in the meat is 
20 assumed to be about half in each globin type. This 
estimation is based on the fact that mammalian 
muscles contain approximately two-thirds of their 
globins as hemoglobin and one-third as myoglobin, 
but when muscle becomes packed as meat, it looses a 
25 portion of its hemoglobin. 
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Both hemoglobin and myoglobin bind carbon 
monoxide much more strongly than oxygen. Native 
Hb/Mb contain iron and divalent oxidation state 
(Fe +2 ) and only in this form are Hb/Mb capable of 
binding the gas ligands 0 2 , NO, and CO. Following 
any change in the iron oxidation state, Hb/Mb loose 
their CO binding ability. Denaturation of the 
proteins (e.g. by heat) can also result in loss of 
CO binding potential (as well as other ligands) . 

Hb/Mb are established catalyzers of the 
oxidation process in biological tissues. Under 
regular atmospheric conditions, the Hb/Mb in fresh 
meat, which are in their native form, exist in a O2 
bound form, the so-called oxy -Hb/Mb. Oxy- Hb/Mb 
tends to undergo autooxidation to met -Hb/Mb namely 
the oxidation of the Hb/Mb divalent iron to Fe* 3 
can concomitantly with the formation of superoxide 
anion 0 2 ~ by the reaction 

oxy-Hb/Mb (Fe +2 . . .0 2 ) Met Hb(Fe* 3 ) + 

0 2 ~ 

The superoxide anion is unstable and 
further forms hydrogen peroxide (H 2 0 2 ) which 
together with Hb/Mb acts as a highly active 
peroxidation system. Met -Hb/Mb no longer binds any 
of the gas ligands including carbon monoxide. On 
the other hand, the Met -Hb/Mb are catalyzers of 
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oxidations. Unlike Che case of oxygen bound to 
Hb/Mb, in a carbon monoxide bound form, Hb/Mb are 
protected from autooxidation. Therefore, to 
protect meats from autooxidation, carbon monoxide 
5 is best applied to fresh meat. 

It is thought that the mechanism for 
carbon monoxide preserving of meat is the much 
greater affinity of myoglobin for carbon monoxide 
than for oxygen. Following this mechanism, carbon 
10 monoxide out -competes oxygen for binding onto 

myoglobin molecules within the meat structure. By__ 

completely displacing oxygen, the micro -environment 
of the meat becomes more anaerobic and, thereby, 
prevents or inhibits the growth of aerobic 
15 microorganisms, such as Escherichia coli, which are 
responsible for spoilage and degradation of fresh 
meat and illness. Anaerobic bacterial growth, such 
as Microaerophils, is also inhibited when this 
method is utilized. This proposed mechanism of 
20 carbon monoxide action is merely for illustrative 
purposes and in no way should be construed as 
limiting. 



25 
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The ability to inhibit or prevent the 
growth of microorganisms allows for the extended 
storage of meat treated according to the present 
method. That is, meats treated according to the 
5 present invention have a longer storage life and 
remain both viable and edible in a non- contaminated 
form for periods longer than those available using 
current preservation techniques. 

In the practice of the present invention, 
10 meat samples are placed in an enclosure or 
container and flushed or exposed to carbon monoxide 
gas. 

The process consists of two stages: 

(A) "Meat packing" which refers to 
15 introducing the meat into a confined CO atmosphere. 

"Packed meat" refers to meat which has undergone 
the meat packing part of the process. 

(B) "Meat preservation" which involves 
20 maintaining the "packed meat" until it reaches the 

consumer. 

Meat PacKinq 

The container for treatment, storage, and 
transportation of meat by the method of the present 
25 invention can be constructed of various gas- 
impermeable material such as plastic, metal, and 
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other materials known in the art. The container 
can be equipped with both gas inlet and outlet 
channels which can be opened to allow the influx of 
gas (CO) or closed in order to render the container 
5 sealed. 

A suitable container would be capable of 
maintaining a seal to prevent the escape of carbon 
m .;oxide gas from the container. For example, the 
container can be a sealed room in which large 
10 amounts of meat may be treated at a given time, the 
container can also be a smaller sealable contain er 
or chamber. Preferably, the container is of larger 
volume than the volume of meat being treated to 
allow for a greater volume of carbon monoxide gas 
15 to contact the meat sample. 

In a preferred embodiment of the 
invention, meat samples are_jtxcatgd^ and stored 
withi n plastic bags cons tructed of a material which 
is safe for the storage of food products such as 
20 polyvinyliden e^ilgride- Preferably, the plastic 
bags will be constructed of a_ jratejri£l-_-Lh&& — 
imp ermeable to the pass age of gases therethroug h . 
Tfcusly, the meat is maintained in the carbon 
monoxide atmosphere within the bag (container) 
25 during storage. 
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After a piece of meat to be treated 
according to the method of the present invention is 
placed in a suitable container, the container is 
then filled with the CO gas. The addition of the 
5 CO gas can be accomplished in any suitable manner,- 
however, the preferred methods include first 
remov ing the gas a tmosphere present in the 
container (usually air) byjisina a vacuum pum p r as 
is well known in the art, to remove any gases 
10 present and the container. JThe_container i s then 
fi^^d^J ^ith CO from a source such as a gas 
cylinder. 

The container is connected to the CO 
containing cylinder and CO is introduced. Input 

15 and output pressures are measured during the 
filling process. The input pressure is generally 
maintained within a range of approximately 1.5 to 
5.0 atmospheres. The preferred pressure is 
approximately 2.0 atmospheres. Upon reaching the 

20 preferred pressure in the output, the gas flow is 
stopped and excess gas is allowed to escape until 
the pressure within the container reaches 
approximately 1.0 to 1.2 atmospheres. The 
preferred gas pressure in the container is 

25 approximately 1.1 atmospheres. 
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During the gas filling operation, the 
ambient temperature of the surrounding can be 
maintained between -2 to 37°C. 

The parameters that govern gas filling or 
5 exposure time vary depending on the pressure of the 
gas input, the dimensions of the inlet and outlet 
channels, and the dimensions of the container. _ 

For meat packing,, .. ^°s^e__of only _the 
surfaces of the meat_ to carbon monoxide is 
10 generally required. However, for the purposes of 
meat preservation, the gas filling time should be 
long enough to allow for a sufficient amount of CO 
gas to be completely absorbed (throughout its 
thickness) into the meat undergoing treatment. That 
15 is, enough CO gas is f lushed_through the container 
to allow. for the complete penetration and 
protection of the meat. -being treated. 

The gas filling time generally ranges 
from approximately one to thirty minutes with the 
20 preferred filling time being approximately five 
minutes. For the purposes of this invention, 
exposure time is defined as the gas filling time. 
Again, it should be noted that the length of 
exposure of the carbon monoxide to a meat sample 
25 will vary depending on the size of the meat sample 
and the weight of the meat sample being treated . 



10/04/2002. EAST Version: 1.03.0002 



WO 96/33096 



-23- 



PCT/US96/05373 



That is, a larger and heavier meat sample will 
require a longer period of exposure to the carbon 
monoxide in order to achieve long-term 
preservation. In other words, a larger meat sample 
5 will require a longer exposure to carbon monoxide 
in order to properly preserve the meat sanple 
without the freezing. 

The temperature during the carbon 
monoxide exposure is preferably between -2 and 37°C 

10 and can vary depending on the temperature selected 
to in order to carry out the method. 

Meat treated as previously described 
above generally contains from 5 to 100% by weight 
or volume of CO gas. The preferred volume of CO in 

15 the treated meat is approximately 30% of the weight 
of the meat (e.g. 30 ml for 100 grams of treated 
meat) . 

Under the meat preservation method of the 
present invention, the meat surface is initially 

20 contacted with the CO gas. Since the surface of 
the meat is the most prominent site for the 
presence of bacteria, the meat treated by the 
method of the present invention is immediately 
protected. Further, while sealed in the container, 

25 penetration of the CO gas continues until the 
entire meat mass has been penetrated and, thereby, 
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protected. This total penetration allows for the 
complete substitution of both hemoglobin and 
myoglobin" by the carboxy forms of these compounds 
as is shown in the f oil owing_examples . The^ total 

5 CO treatment of the meat : throughout _its_ ^hickness 
also enables meat which has been treated according 
"t6 _ ~£fie"p1rese^~inv^^ - pleasing- 

color for extended periods of time after the meat 
has been removed from the pactoging or container in 
10 which "it was treated. That is, as shown in the 
following examples, meat treated according to the 
present invention can be transported, unpacked, and 
then maintained in a fresh form for a further 
extended period of time without a loss of color or 

15 quality. 

The above discussion provides a factual 
basi- for the use of the present invention as a 
method of long-term preservation of meat at 
different temperatures without freezing. The 
20 examples also demonstrate the preservation of the 
meat after undergoing the treatment of the present 
invention. The methods used with and the utility 
of the present invention can be shown by the 
following examples. 

25 
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EXAMPLES 

Example l, 

The Effect of CO Exposure On Time Dependent 
Chances in Meat Color: 

5 

Samples of fresh meat (30 grams of beef, 
veal, or turkey) treated with CO by the method of 
the present invention were incubated in a suitable 
container for thirty minutes at a temperature of 

10 15±3°C. Control samples were treated identically 
to CO- treated meats but were treated with air. The 
meat samples were removed from the container and 
were placed on an open benchtop at 15±3°C, or in an 
air exposed thermostatically controlled environment 

15 at 37°C. The color of the air treated meats turned 
brown gradually (within three hours at 37°C and 

twelve hours at 15±3°C) ( indicating non- fresh or 
spoiled meat. In contrast, the CO-treated meat 
samples maintained a wine- red color for at least 24 
20 hours following exposure. 



25 
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Example 2. 

Comparison of CO, air, N 2 and vacuum 
treated meats 

Fresh meat quarters (beef) were kept for 
5 six days at -2°C. The meat was then cut into 30 
gram pieces (4" X 2" X 0.1") and divided into four 
groups and treated as follows: (A) vacuumed and 
(2-4) were introti^_-d into gas tight containers by 
method previously described above and filled at a 
10 pressure of l.l atmospheres with gas at a volume 
which was ten time (10X) the volume of the meat. 
The gases used were: group D filled with CO, group 
B filled with N 2 , and group C filled with air. A 
portion of the samples was kept at 15±3°C and the 
15 rest at 7°C. After twenty- four hours at 15±3°C and 
48 hours at 7°C time dependent changes in color 
were observed. The samples of group A (maintained 
solely under vacuum) were brownish-purple. The 
samples of group B (N 2 treated samples) were 
20 brownish-red. The samples of group C (air treated 
samples) were brown. However, the color of the 
samples of Group D (CO treated) were unchanged 
remaining bright wine-red as shown in Figure 4. 
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Example 3, 

Color Changes in Large Meat Chunks: 
Time Dependency During Meat Pre servation 

5 Beef chunks of 0.5 - 1.5 Kg were turned 

into CO- treated meat satrples by treating with a 
100% meat volume of gas according to the method of 
the present invention. Control chunks from the 
same source were treated identically but with air 

10 instead of CO. All of the chunks were kept at 4°C. 
The surface color of the air treated meat became 
brown after three days. The meat chunks were cut 
transversely for observation of color changes. 
Color change propagated with time in all meats from 

15 the surface towards the center of the chunk and 
were brown in air treated samples and wine -red in 
CO-treated satrples. Following eighteen days of 
incubation, the air treated chunks were completely 
dark brown. In the CO- treated meat, the color 

20 change was 3-5mn from the surface after one and a 
half hours. Twelve hours post treatment a two cm 
ring of color change was observed. Three days post 
treatment, only five percent of the area of the 
transverse section remained unchanged. After seven 

25 days post treatment the color change was complete. 
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Propagation of the color from the surface 
into the interior of the chunks for chunks kept 
under 5% meat volume of gas was somewhat slower as 
compared to those chunks maintained kept under 100% 
5 meat volume gas. It is important to note that care 
should be taken to prevent adherence of any of the 
meat surface to the container. 

Example 4. 

10 Color Changes in La rge Meat Chunks; Time Dependency 
ftft-er Removal From Container 

An experiment similar to the previous 
example was performed except that the CO-treated 
15 meat chunks and the air treated meat chunks were 
removed from their containers after 21 days. The 
colors observed were the same as in the previous 
example. The chunks were left open to the 
atmosphere at 4°C. The color of the CO-treated was 
20 maintained for fourteen days. At day 14, only the 
surface (<ltrm deep) of the CO-treated meat was 
brown. The color of the air treated meat remained 
dark brown throughout as shown in Figures 5 and 6. 

25 
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Comparison of Bacterial Growth Under Air, 
CO and N 2 Atmosnhereg 



5 Meat samples weighing 4.00±0.18 grams, 

were treated by flushing with either air, CO, or 
N 2 . After twenty- four hours of storage at room 
temperature (15±3°C) each of the treated meat 
san^les was soaked in sterile 0.15M sodium chloride 

10 (lml per 2 grams of treated meat) for ninety 
minutes to extract any bacteria present on the 
surface of individual samples. Aliquots of serial 
dilutions of the extracts were plated onto non- 
selective agar plates (Bactoagar, Difco) and on 

15 Gram negative selective plates (MacConkey, Difco) . 
All the plates were incubated over night at 37*c to 
allow bacterial growth. Bacterial colony counts 
per gram of meat (mean ± SD) are summarized in 
Table l. 

20 TABLE 1 

Gas in No. of colonies 

AtmQSPhere grown on bactoagar gram negative 

Air ( 1 . 42±0 . 3 ) X10 6 ( 2 . 74±1 . 12 ) X10 6 

25 

N 2 (1.63t0.3)X10 6 (0.46±0.25)X10 6 

CO (0.29±0.01)X10 6 (0.02±0.01)X10 6 

30 
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Example 6. 

Toxicity and Edibility of CO-Treated Meat 

Samples of CO treated meat of 
approximately 30 grams in weight or ground meat 
5 samples were stored for up to seven days at a 
temperature between 4 to 10°C. Samples of the CO 
treated meat were given to twelve starved cats (4kg 
per cat) . Under these conditions, the meat samples 
were immediately consumed. No mal -effects were 
10 observed in any of the animals within 48 hours post 
consumption. 

Additionally, four dogs each of which 
weighing approximately fifteen kilograms was 
offered 100 to 150 gram sample of CO preserved 
15 meat. The samples were consumed by the dogs and no 
mal-effects were observed in any dog within 48 
hours after consumption. 

Cats were fed fresh CO treated meat 
(250 grams per day per cat for one week) . A 
20 control group was fed meat from the same source 
which was treated identically but with air instead 
of CO. The animals were continuously monitored by 
animal -tenders and showed regular behavior. The 
animals were found healthy by a house veterinarian. 
25 At the end of the experiment, a blood sample was 
drawn from all the animals and the red blood cells 
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were separated. The state of hemoglobin in these 
cells was analyzed spectrophotometrically as shown 
in Figure 3. From the spectra, it was found that 
the hemoglobin of both groups was completely in the 
5 oxy- hemoglobin form indicating no CO in the blood 
of the animals fed CO- treated meat. 

Example 

Determination of Shelf-Life Extension 
10 by Bacterial Count as Limited by 

International Control Standards: 
Preservation at Room Temperat ures. 

General Mg£hrv^ T 

15 Meat packing: Freshly slaughtered meat 

(beef) chunks of 0.5-1.5 Kg were cut into 25cm 2 
pieces, 0.5-1.0 cm width (12-20 grams). Four 
samples were immediately submitted to bacterial 
count (as described below) . The rest of the 

20 sanples were treated with CO according to the 
method of the present invention. The gas pressure 
was l.i atmospheres and the volume of gas was equal 
to (100%) of the meat weight. The gas content was 
either air or 100% CO. The samples were preserved 

25 within a predetermined temperature range. 

Bacterial growth was measured at time intervals 
determined according to the temperature of 
preservation . 
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Evaluation Of Hemoglobin And Myoglobin 

ov^t-inn st^t-p tn co Treated -Meats-; ----- - r 

The quality of the CO -treated meats 
depends on the amount of globin fractions converted 
5 to CO bound forms and their location. The location 
is important since bacterial growth starts on the 
surface of the CO- treated meats as does CO 
penetration. Assessment of the CO bound myoglobin 
and hemoglobin in the CO- treated meats was carried 
10 out using two parameters: (a) measurements of the 
circumference width of zones which underwent 
visible color change due to CO binding (CO- treated 
meats were successively cut transversely and the 
depth of the color- changed zone was measured with a 
15 ruler) and (b) assessment of the CO bound fraction 
of hemoglobin and myoglobin in CO-treated samples. 

Procedure: Samples of the CO-treated 
meats (1 to 5 grams) were homogenized in an equal 
volume of phosphate buffer (0.1M. pH 7.4) to 
20 extract both hemoglobin and myoglobin. The extract 
was centrifuged at 40,000 g for ten minutes. The 
supernatant was isolated and its absorption 
spectrum was measured in the 400 to 700nm range. 
From the position of the absorption peaks and their 
25 relative heights the fraction of CO bound globins 
was calculated. 
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Bacterial growth measurement was made 
according to international standards and carried 
out by a ISO 9000/IEC Guide 25 licensed 
bacteriological laboratory. As bacterial growth is 
5 mostly on the meat surface, the routine 
contamination tests at governmental laboratories 
relate to bacterial growth on a standard minimal 
area of 25cm . The bacterial growth is then 
expressed as the number of bacteria per cm 2 . The 

10 most stringent standards allow a growth of up to 
5X10 6 (6.7 in log scale) bacteria per cm 2 while the 
least strict ones consider a growth of up to 1X10 7 
(7.0 in log scale) non- contaminated. 

The procedure entails treating a 25 cm 2 

15 surface area sample of the meat with 25 ml of 
aqueous solution. The bacterial content is 
introduced into the solution using a stomacher 
apparatus (Seward Lab U.K. ) . This suspension is 
then diluted in a ten fold series up to 10" 9 in 0.1 

20 M phosphate buffer, pH 7.0. One ml of each 
dilution is applied to each of three types of 60ntn 
growing plates: (a) containing plate count agar 
(PCA, Difco) incubated at 33°C±0.2 for 48 hours to 
enable total viable aerobic count, (b) containing 

25 SPS agar (Difco) allowing Clostridium growth, and 
(c) containing the same medium as a (a) allowing 
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microaerophile growth. Type (b) and (c) plates 
were confined within sealed anaerobic jars supplied 
with gas generating kits (Oxoid, U.K.) and 
incubated for twenty four hours at 35°C. Bacterial 
5 colonies (up to 200 per plate) were counted using a 
colony counter. 

According to international health 
standards, the maximal bacterial growth allowed for 
non- contaminated meat is lX10 7 /cm 2 total viable 
10 aerobic bacteria and lX10 4 /cm 2 of microaerophils. 
The shelf life of a meat in a non- contaminated form 
was determined by the duration until the above 
defined bacteria levels were reached ("prftSSrvfltion 
duration") . 

15 Twenty experiments were carried out as 

follows: meats samples were preserved at 5t3.5°C 
and bacterial counts were carried out at intervals 
of four days. The length of "preservation 
duration" in these experiments (expressed as mean 
20 ±SE) were for microaerophils: 8.72±2.1 days for air 
treated samples and 18.9±3.27 for CO- treated 
samples (see Figure 2a); by the criteria of total 
viable aerobic bacteria 11.13±l.ll days for air 
treated meat samples and 23.12±2.79 for CO-treated 
25 meat samples (see Figure 2b) . 
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This 



data 



shows 



that 



the 



meat 



preservation method of the present invention 
succeeded in extending the shelf life more than two 
fold. 

5 

Example 8. 



Determination of Meat Shelf -life 
Extension by Bacterial Count as Limited 
by International Control Standards: 
Preservation at High Room Te mperature 



As in the previous example, meat samples 



temperature which accelerates bacterial growth, 
15 bacterial count was determined at five hour 
intervals . Four experiments were carried out and 
the length of "preservation duration" in these 
experiments (expressed as mean ±SE) were: by the 
criteria of total viable aerobic bacteria 13±1 
20 hours for air treated samples and 30±l hours for 
CO- treated sanqples (see Figure 1) . By the 
microaerophils count criteria: 9.5±0.9 houre for 
air treated samples and 9.5±0.8 hours for CO- 
treated samples. 



were preserved at 26±4°C. 



Due to the high 



25 
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Rxample 9. 

Inhibition Of Bad Odor 
nov^lnpnnpnt: CO Treated Meats 

5 In all meats preserved as in examples 1 

through 8, it was found that by the time of 
detection of bad odors in air preserved meats, no 
similar odor was detected in the CO-treated meats. 
This finding indicates that the arrest of tneat- 
10 spoilage was achieved by the meat preservation 
method of the present invention. Consistently, in 
all preserved meat samples bad odor was detectable 
in samples which showed high count of bacteria. 
Additionally, by the time bad odor was detectable 
15 by the average human nose, the total viable aerobic 
count exceeded 10 8 colonies/cm 2 , a value which 
exceeds that allowed for non-contaminated meats 
(10 7 colonies/cm 2 ) . Thus, odor is a less sensitive 
indicator of meat spoilage than bacterial count. 
20 However, odor is valuable because it can be used by 
most people including the meat consumers. 



25 
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Table 2 represents the "preservation 
duration" under various conditions at which CO- 
treated meat retained pleasing odors while air 
preserved meat smelled badly. 

TABLE 2 



Type of size Ten^erature "Preservation 
meat range of duration in days 

10 preservation, 

!£ 



15 



20 



25 



30 



Beef Slices 2-9 is 

22-30 3 

Beef Chunks 2-9 18 

Chunks 14-17 7 

Veal Slices 22-30 3 

Turkey Slices 22-30 3 

Example 10. 



CP Diffusion From Meat Surface into th» rnro 
During the Presgrvar r ; ffn 

Meat samples were sealed in plastic bags under 
100% CO at a pressure of about 1.1 atmosphere. CO 
volume was 30 ± 20% of the meat volume. The bags 
were kept at 5°C. Figures 7-9 demonstrate a 
typical experiment in which meat was treated 
24 hours after slaughter, A sample of calf meat 
35 weighing 18 pounds (about 3 Kg) was cut into two 
nine pound pieces having maximum length of 30 cm 
and maximum width of 20 cm. One of these samples 
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was kept frozen at -18°C while the other was 
preserved in CO at 5°C. After three days, the bag 
was opened to release the unbound CO and the meat 
was left in the open air for half an hour. The 
5 meat sample was cut transversal ly at about one 
third of its length (7 cm from one edge) . About 
30% of the meat radius (from surface to core) 
changed in color from dark to bright red (see 
Figure 7) . Because any CO which reaches Hb/Mb 
10 bind quickly, the change in meat color serves as a 
measure of the CO diffusion rate. 

The meat samples were reassembled and 
repacked with CO. Following seven additional days 
at 5°C r the meat samples was again unpacked and cut 
15 transversally once in the middle of the sample, 
about 15cm from the edge (shown in Figure 8), and 
once closer to the end of the sanple, at about one 
third of the sample's length (shown in Figure 9). 
As shown in the transverse cut in Figure 8, the 
2 0 meat was almost completely bright red except for a 
small dark red area shown by an arrow. This 
indicates a nearly complete diffusion or saturation 
of the CO from the surface to the core of the meat 
sample. The cut at one third of the sample's 
25 length shows that in this zone, oxy-Hb/Mb were 
completely converted to their carbomonoxy forms as 
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shown in Figure 9 . The meat samples were 
reassembled and kept at 5°C under CO for an 
additional two days to ensure complete conversion 
of Hb/Mb to the carbomonoxy forms. After 12 days 
5 under CO at 5°C, the color of a middle sample 
(transverse cut) differed dramatically from that of 
the frozen sample (see Figure 10) , indicating that 
oxy- forms of Hb/Mb were preserved in the frozen 
meat sample (Figure 9 # right) while carbomonoxy 
10 forms prevailed in the CO treated meat (Figure 10, 
left) . 



Example ii, 

Appearance of the Cooked Meats 

15 From the 12 day -old, frozen and CO 

treated meats (shown in Figure 10), 5cm in width 
pieces were cut transversally . Each piece was 
cooked in 100 ml distilled water in a covered pot 
on a low flame for 120 minutes. At the end of the 

20 cooking period, all of the water had evaporated. 
The appearance of the cooked meat pieces is shown 
in Figure 11. They were similar except for some 
browning of the surface of the CO treated meat due 
to complete water loss in the meat . 

25 
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To reveal the meat interior, the two 
pieces were cut transversally . A small test by ten 
different people assured that pieces smelled alike 
having a typical cooked meat smell. The transverse 
5 sections are seen in Figure 12 and were very 
similar in appearance. This experiment 

demonstrates the loss of the bound CO during the 
cooking process (heating) which leads to protein 
denaturation and heme degradation. 

10 

Exainple 12. 

Measurements of CO Relea se in the Process 
of Cooking 

15 

A. Experimental procedure: 

* All measurements of CO release in the 
process of cooking were carried out in a 7.5 liter 
20 sealed regular pressure pot ("pressure cooker") to 
which manometer/thermometer was inserted to measure 
the temperature and pressure during cooking. The 
pot was also equipped with a controlled outlet 
(valve) . To ensure complete sealing the pot lid 
25 was also smeared with a layer of high vacuum grease 
prior to locking the pot. The pot was then heated 
by cooking gas for a few minutes until reaching a 
pressure of 1.5 atmospheres and a temperature of 
235°F (113°C) . At this stage the pot was 
30 transferred to an electric heater for further 
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cooking keeping the pressure within the pot at 
1.7±0.7 atmospheres and the temperature at 
114± 12°C. Cooking time varied among experiments 
within the time range of regular domestic cooking, 
5 namely 60-140 minutes. The pot was allowed to cool 
until reaching room temperature and then was 
connected via the valve to a CO monitor. The CO 
level in the pot atmosphere was expressed in PPM. 

The measure CO level in PPB(m) was 
10 translated and expressed as CO PPM(c) released from 
2 Kg of cooked meat (a family meal size) into a 
sealed room of 3.0 square meters (kitchen size 
dimensions) . Considering the volume of one mole of 
gas at room temperature as 22.4 liters, the 
15 expected CO level was calculated as: 

PPM(c) = 0.074. PPM(m)/X 

Where: PPM(c) = calculated PPM; 

PPM(m) « measured PPM; 
X = meat weight in grams. 

20 

B. Safety in cooking the CO treated meat: 

200-650 gram meat samples (either in one 
piece or ground) were treated with CO and stored 
within a confined CO atmosphere for 14 days at 5°C. 
25 The meats were cooked within 30 minutes of removal 
from the CO packaging bags. The results (expressed 
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as explained above) are summarized in Table 3. As 
can be seen, che average PPM(c) level given as Mean 
± S.D. (N) was 0.056 ± 0.026 (10). In all 
experiments, less than 0.1 PPM of CO was released 

5 from 2 Kg cooked meat into the hermetically closed 
room. Since the TLV for CO is 25 PPM, it can be 
seen that the released CO level from the cooked 
meat (2Kg) in our experiments, was far ;elow that 
safety limit. In fact it is low enough not to 
10 alarm a domestic CO detector (100 PPM for 90 
minutes in a regular room size) . Thus, under our 
experimental conditions, the consumer is not 
exposed to danger. Moreover, treated meats could 
be removed from their CO packing bags and 

15 maintained for at least 14 days in the open air at 
5°C without any risk of CO release prior to 
cooking . 

No statistically significant test 
analysis could be made because the experimental 
20 conditions were incomparable (chosen to cover 
various cooking conditions) . However, there is a 
trend showing that the level of released CO is 
inversely correlated with the post- slaughter period 
until CO treatment began. Thus, the sooner (closer 
25 to slaughtering) the meat was treated, the higher 
the CO level (see the declining order in items 1-4 
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in ground meat in Table 3) . Note that CO release 
level reflects the CO bound level in the meat. 
These findings agree with a slow autooxidation of 
Hb/Mb in meats exposed to air prior to CO packing, 
5 resulting in formation of met-Hb/Mb which can no 
longer bind CO, Therefore, upon packing, less CO 
will be bound and consequently less CO will be 
released later upon cooking. The data from the 
experiments (items 6-8a in Table 3) suggest that up 

10 to a period of two days post -slaughter, CO release 
level was similar. 

Prom items 8a- 8c (Table 1) , wherein the 
portions of the same CO treated sample were removed 
from the CO packing bag and exposed to open air for 

15 various periods, it appears that the CO was 
maintained within the samples for at least three 
days. 

Example 13. 

20 Release of CO bv Cooking 

Freshly drawn human blood was used. The 
red cells were washed and lysed in a hypotonic 
buffer. The mixture was centrifuged to separate 
cytosol from membranes. The concentration of 

25 hemoglobin in the solution was measured 
spectrophotometrically and was found to be 16.2 mM. 
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The solution was sealed in a beaker and CO was 
gently flushed above the solution surface while 
stirring for 30 minutes. A few grains of 
dithionite was added to consume any residual 
5 oxygen. The color of the solution turned bright 
red typical of carbomonoxy Hb. The solution was 
then left while stirring (for 15 minutes) to the 
open air to released dissolved CO. The Hb was 
identified spectrophotometrically as carbomonoxy 
10 Hb. The hemoglobin solution was cooked exactly as 
the meat and the amount of CO in the pot atmosphere 
was measured. From the concentration of hemoglobin 
(each heme molecule binds one CO molecule) the 
amount of CO molecules was calculated in the 
15 solution. From this amount and the pot volume, the 
expected PFM level of totally dissociated CO was 
calculated. As in the procedure of cooked meats 
the gas level in the pot was measured by the CO 
monitor. The ratio of measured to calculated CO 
20 level turned out to be 1.06 indicating that, within 
experimental error, all CO was indeed released from 
the Hb by cooking. 



25 
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TABLE 3; CO release prom cooked meats 

Item Meat Post Slaughter PPM(c) 

No form period to treatment of CO 



5 1) 
2) 
3) 
4) 
5) 

10 6) 
7) 
8a) 
8b) 



8c) 



15 



Ground 

Ground 

Ground 

Ground 

Ground 

Chunk 

Chunk 

Chunk 

Chunk 

Chunk 



fdavs 



8 
8 
10 
1(14)* 
0 
0 
2 

2(1)* 
2(2)* 



0.052 

0.039 

0.039 

0.013 

0.033 

0.093 

0.053 

0.071 

0.076 

0.088 



All meats (200-650 gr) were treated with CO and 
were stored in CO atmosphere for 14 days at 5°C. 
The meats were cooked within 30 minutes after 
exposure to air. (*) refers to exposure period at 
20 5°C (in days) in the open air following removal 

from CO packaging bags. Items 8a-c are sub-chunks 
which were left in th open air for different time 
periods. Average PPM(c) = 0.0S6 ± 0.026 
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The invention has been described in an 
illustrative manner, and it is to be understood 
that the terminology which has been used is 
intended to be in the nature of words of 
5 description rather than of limitation. 

Obviously, many modifications and 
variations of the present invention are possible in 
light of the above teachings. It is, therefore, to 
be understood that within the scope of the appended 
10 claims, the invention may be practiced otherwise 
than as specifically described. 
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What is claimed is : 

5 1. A method for preserving meat by: 

exposing raw meat to an atmosphere consisting 
essentially of carbon monoxide and maintaining the 
meat in a vacuum free, sealed container to maintain 
color and freshness wh~-e retarding bacterial 
10 growth. 

2 . A method as set forth in claim 1 wherein 
said exposing step is further defined as completely 
inmersing the meat throughout with an atmosphere 

15 consisting essentially of carbon monoxide. 

3 . A method as set forth in claim 1 wherein 
said exposing step is further defined as exposing 
the meat to carbon monoxide gas for approximately 1 

20 to 30 minutes prior to sealing the container. 

4. A method as set forth in claim 3 wherein 
said exposing step is further defined as exposing 
the meat to carbon monoxide gas for approximately 

25 five minutes prior to sealing the container. 
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5. A method as set forth in claim l wherein 
said exposing step is further defined by exposing 
the meat to a volume of carbon monoxide ranging 

5 from approximately 5 to 100 percent by weight or 
volume of meat being treated. 

6. A method as set forth in claim 5 wherein 
said exposing step is further defined by exposing 

10 the meat to a volume of carbon monoxide of 
approximately thirty percent by weight or volume of 
meat being treated. 

7. A method as set forth in claim l wherein 
IS said exposing step is further defined as exposing 

the meat to carbon monoxide gas between a 
temperature range of approximately -2 to 37°C. 

8. A method as set forth in claim 1 wherein 
20 the sealed container is a plastic bag. 

9 . A method as set forth in claim 1 wherein 
the sealed container is a sealed chamber. 

25 
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10 . A method as set forth in claim 1 wherein 
the carbon monoxide in the container has an 
atmospheric pressure of approximately 1.5 to 5 
atmospheres. 

5 

11. A method as set forth in claim 10 
wherein the carbon monoxide in the container has an 
atmospheric pressure of approximately 2.0 
atmospheres . 

10 

12. A method as set forth in claim 1 further 
including the step of storing the meat at a 
temperature above freezing following said carbon 
monoxide exposure step. 

15 

13. A method as set forth in claim 12 
wherein the temperature is further defined as a 
temperature range from approximately -2 to 30 °C. 

20 14. Meat treated and preserved by the 

process comprising the steps of : 

exposing raw meat to an atmosphere 

consisting essentially of carbon monoxide and 

maintaining the meat in a vacuum free sealed 
25 container to maintain color and freshness while 

r tarding bacterial growth. 
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15 . Meat treated and preserved by the 
process according to claim 14 wherein said exposing 
step is further defined as completely inmersing the 
meat throughout with an atmosphere consisting 

5 essentially of carbon monoxide. 

16. Meat treated and preserved by the 
process according to claim 14 wherein the exposing 
step is further defined as exposing the meat to 

10 carbon monoxide gas for approximately one to thirty 
minutes prior to sealing the container. 

17 . Meat treated and preserved by the 
process according to claim 14 wherein the exposing 

IS step is further defined by exposing the meat to a 
volume of carbon monoxide for approximately five 
minutes prior to sealing the container. 

18. Meat treated and preserved by the 
20 process according to claim 14 wherein the exposing 

step is further defined as exposing meat to a 
volume of carbon monoxide ranging from 
approximately 5 to 100 percent by weight or volume 
of meat being treated. 

25 
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19 . Meat treated and preserved by the 
process according to claim 14 wherein the exposing 
step is further defined as exposing meat to a 
volume of carbon monoxide of approximately 3 0 
5 percent by weight or volume of meat being treated. 



20. Meat treated and preserved by the 
process according to claim 14 wherein the sealed 

10 container is a plastic bag. 

21. Meat treated and preserved by the 
process according to claim 14 wherein the sealed 
container is a sealed chamber. 

15 

22. Meat treated and preserved by the 
process according to claim 14 wherein the carbon 
monoxide in the container has an atmospheric 
pressure of approximately 1.5 to 5 atmospheres. 

20 

23. Meat treated and preserved by the 
process according to claim 21 wherein the carbon 
monoxide in the container has an atmospheric 
pressure of approximately 2.0 atmospheres. 

25 
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24. Meat treated and preserved by the 
process according to claim 14 further including the 
step of storing the meat at a temperature above 
freezing following the carbon monoxide exposure 

5 step. 

25 . Meat treated and preserved by the 
process according to claim 14 wherein the 
temperature is further defined as a temperature 

10 range from approximately -2 to 30 °C. 

26. Meat treated and preserved by the 
process according to claim 14 wherein said exposing 
step is further defined as exposing the meat to 

15 carbon monoxide gas between a temperature range of 
approximately -2 to 37°c. 
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PURPOSE To initially explosively develop oxygen 
absorbency by adding a specific external stimulus, such as 
magnetization, low-temp, treatment or vibration treatment, 
to the oxygen absorbent consisting of an iron compsn. as a 
base material. 

CONSTITUTION: The iron compsn. (e.g. iron compsn. 
contg. residual austenite of >0.1% carbon content) is 
housed into an air permeable small bag 10, the specific 
external stimulus, such as magnetization, low-temp, 
treatment or vibration treatment, is added to the oxygen 
absorbent to initially explosively develop the oxygen 
absorbency. Namely, the oxygen absorbent is extremely low 
in the oxygen absorbency during storage thereof and initially 
explosively develops the oxygen absorbency by the external 
stimulus, such as magnetism, low temp, insulation or 
vibrating, at the time of use and, therefore, the handling 
during the storage and use of the oxygen absorbent is 
extremely easier than the conventional oxygen absorbent. 
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Description 
TECHNICAL FIELD 

[0001] Th present invention is directed to the field of s 
packaging. More specifically it deals with carbon dioxide 
releasing systems in conjunction with systems capable 
of absorbing oxygen. Bag and sachets incorporating 
such components are also discussed. Modified pack- 
ages associated with the use of such systems are also w 
discussed as are methods of use associated with the 
present invention. 

BACKGROUND ART 

15 

[0002] The description of the present invention will be 
discussed predominantly in relation to meat products 
whose associated packaging problems are typical of 
those which the present invention considers. However it 
should be appreciated that the present invention can 20 
also be applied to other foodstuffs and articles to be 
packaged. 

[0003] More specifically, and for simplicity of descrip- 
tion, the problems associated with chilled and fresh 
meat will be discussed as the problems associated with 25 
these products are perhaps the most demanding. Con- 
sumer perception is that a red meat product is a fresh 
meat product and therefore preferable to discoloured 
products. Unfortunately, for fresh and chilled meats, 
storage under conditions where oxygen is present 30 
results in gradual browning of the meat. While in many 
cases (short term storage) the product is still accepta- 
ble, the consumer is deterred by the brownish appear- 
ance of the meat which they associate with a spoiled 
product. 35 
[0004] Where there is longer term storage of meat 
products, the presence of oxygen can result in not only 
the browning of the meat but subsequent spoilage. 
Accordingly packages for long term storage of meat 
generally comprise an oxygen impermeable barrier film. 40 
Often the packages are evacuated or packed under a 
modified atmosphere. 

[0005] Vacuum packaging is not generally considered 
appropriate for the retail display of chilled red meat, 
because of the meat's purple coloration. Low oxygen 45 
modified atmosphere systems are also not appropriate 
for the same reasons. 

[0006] High oxygen/low carbon dioxide modified 
atmosphere systems are successfully used for retail 
cuts of red meat, but in this case, the storage life is low so 
due to oxygen spoilage. 

[0007] Recently a packaging system known as low 
oxygen/high carbon dioxide packaging has become 
very popular. The system has been directed mainly at 
non-retail ready markets, as the primal cuts used 55 
require further processing into consumer portions. Also 
the meat requires re-exposure to oxygen to resume a 
red rather than purple colouration. 



[0008] It has been found that chilled meat packaged 
under carbon dioxide is resistant to spoilage by aerobic 
bacteria. Anaerobic bacteria which may still survive 
under Carbon dioxide do not flourish below 2°C, which 
is above the storag temperature of most chilled meat 
products Evidence suggests that a relatively high con- 
centration of carbon dioxide will actively suppress the 
bacterial growth - the shelf life of Carbon dioxide pack- 
aged meat is thus much longer than for vacuum packed 
meat. 

[0009] Uke the vacuum packed product, meat stored 
under carbon dioxide will rebloom on exposure to oxy- 
gen, giving the red coloration which consumers associ- 
ate with freshness. However, it is also believed that the 
display life, in the oxygenated state, of carbon dioxide 
packaged meat is longer than that of vacuum packed 
meat. This may be associated with the low oxygen con- 
centration throughout the product lifetime, which is a 
key requirement of the carbon dioxide process. 
[0010] The use of low oxygen/high carbon dioxide 
packaging is well known, as is the use of oxygen 
absorbing compositions with meat products. Combina- 
tions of the two systems are also known. However, 
many problems remain. 

[0011] For instance systems which release carbon 
dioxide are well known. Of note is the work of Benedict, 
Strange, Pal umbo and Swift (Journal of Agricultural and 
Food Chemistry. 23 (6) 1202-1208 1975). Gas permea- 
ble sachets consisting of citric acid and sodium bicarbo- 
nate were added to retail packages of meat and the 
carbon dioxide released helped to extend shelf life. 
Codimer also patented a system where carbon dioxide 
and/or oxygen were generated in a package from the 
reaction of citric acid with sodium bicarbonate and/or 
sodium perborate (EP O 128 795 (1984)). 
[001 2] A number of other systems also appear in the 
prior art which both absorb oxygen and (berate carbon 
dioxide. These systems were designed to replace the 
oxygen absorbed from within the head space of the 
package with high levels of carbon dioxide. For exam- 
ple, Toppan claims highly specific compositions such 
as: 

100 parts ferrous chloride 

20-1 00 parts sodium bicarbonate 

5-50 parts water supplying substance 

0-10 parts absorbent 

0-70 parts iron powder 

[001 3] No examples or disclosure is provided within 
this patent which produce large amounts of carbon diox- 
ide and absorb small amounts of oxygen (US 4,384,972 
(1983)). 

[0014] Mitsubishi describe a system where the 
amount of carbon dioxide generated may be independ- 
ent of the amount of oxygen absorbed. However the 
teaching of this specification limits the amount of carbon 
dioxide produced per mole of oxygen absorbed (US 
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4.762722(1988)). 

[001 5] However the prfor art fails to address the prob- 
lems associated with the packaging of meat, and espe- 
cially the packaging of meat in retail ready tray-based 
packages. The Mitsubishi system was intended to be 5 
used for sealing a package without evacuation or gas 
flushing and in its place greater than two moles of car- 
bon dioxide per mole of oxygen absorbed was said to 
lead to pack deformation. At the time of this patent the 
prior art also considered that carbon dioxide gas flush- to 
ing when packaging meat resulted in unwanted brown- 
ing. Accordingly the art considered, and this is reflected 
in the limitations of the art, that excessive carbon diox- 
ide, such as would also result through carbon dioxide 
gas flushing, was undesirable. However it has since is 
been found that this browning is not due to carbon diox- 
ide but rather to the incomplete removal of oxygen from 
within the package and may be a temporary condition, 
depending upon the levels of enzyme activity which 
relates to time post mortem. 20 
[001 6] Other prior art. such as EP O 527,228 (Toppan) 
describes oxygen absorbers/carbon dioxide generators 
such as mixtures of ascorbic acid and ferrous chloride. 
However the quantity of carbon dioxide released is 
dependent upon the amount of oxygen absorbed as 25 
well as on the pH of the composition. The pH may be 
determined by the addition of an alkali such as sodium 
bicarbonate, sodium carbonate of calcium hydroxide. 
However this disclosure is targeted at applications 
where a set amount of carbon dioxide and nitrogen is 30 
required within a container (e.g. containers for growing 
bacteria samples). This, and the known prior art. fail to 
address the need to package meat for extended periods 
of time, and be able to regenerate or preserve a con- 
sumer acceptable red colouration at the retail level. In 35 
addition, there is a need, for retail ready packs, to pre- 
vent deformation of a pack due to variations in the inter- 
nal atmosphere. These problems arise due to the fact 
that meat will absorb large quantities of carbon dioxide, 
generally within the first 48 hours of exposure. As this 40 
absorption process proceeds, the internal pressure of a 
package is reduced, unless there is a sufficient excess 
of carbon dioxide to completely saturate the meat, and 
there is a suitable mechanism by which the volume of 
the package may contract. 45 
[0017] If meat is placed on a conventional sized tray, 
evacuated, gas flushed with carbon dioxide and then 
sealed under a barrier film, severe distortion will occur 
as the carbon dioxide is absorbed and the internal pres- 
sure of the system is reduced. This is because the vol- so 
ume of the tray cannot contract in a controlled manner 
like that of a bag, and because insufficient carbon diox- 
ide is present to compensate for what is absorbed by 
the meat. 

[001 8] This problem becomes more noticeable as an ss 
attempt is made to keep a high product volume in rela- 
tion to the volume of the package. High product to pack- 
age volume systems are used conventionally (i.e. PVC 



overwrapped product on an expanded polystyren tray) 
for retail display of meat cuts. 

[0019] Large volume packages containing a low vol- 
ume of product are resented by consumers, who asso- 
ciate them with excessive packaging and waste. They 
are also unpopular with retailers as they occupy exces- 
sive shelf space, and also with exporters/distributors 
because of their high volume and low weight. 
[0020] It would therefore be desirable to provide a sys- 
tem whereby the long storage life and display life of low 
oxygen/high carbon dioxide packaging could be applied 
to individual tray or bag wrapped systems, whilst main- 
taining the low volume associated with the conventional 
retail meat packaging systems. 
[0021 ] It would also be desirable to modify the existing 
low oxygen/high carbon dioxide packaging in such a 
manner that the absorption of carbon dioxide by the 
meat cuts is matched by the generation of carbon diox- 
ide by chemical means. The existing packaging system 
involves first wrapping the meat cuts in absorbent mate- 
rial, and then placing a number of them in a carton lined 
with a high barrier bag. The bag is then evacuated, 
flushed with carbon dioxide and sealed. Frequently the 
carton is not sealed for a further 24 hours so that most 
of the carbon dioxide can be absorbed and the final 
package volume is relatively low. For beet, one litre of 
carbon dioxide is recommended for each kilo of meal 
For lamb, 1 .5 litres per kilo is recommended. This delay 
in sealing the cartons is a source of frustration at the 
meat plants. 

[0022] When meat is vacuum packed "drip" is drawn 
to the surface and wilt accumulate in areas where there 
is no intimate contact This detracts from the appear- 
ance of the product. 

[0023] It would also be desirable to extend this con- 
cept to a variety of non meat products. 
[0024] It is an object of the present invention to 
address the foregoing problems or at least to provide 
the public with a useful choice. 

SUMMARY OF T HE INVENTION 

[0025] The present invention consists in a method of 
packaging meat or other foodstuffs in a carbon dioxide 
rich, low oxygen package environment comprising pro- 
viding a food package of a gas barrier material, placing 
a food product within said food package, placing in said 
package with said food product a carbon dioxide gener- 
ating material and an oxygen removing material, and 
sealing said package, said carbon dioxide material gen- 
erating carbon dioxide in a volume not dependent upon 
the removal of oxygen and greater than twice the mole 
ratio of oxygen removed by said oxygen removing mate- 
rial. 

[0026] According to a feature of the invention, suffi- 
cient carbon dioxide generating material is included to 
release at least 0.1 litre of carbon dioxide, at STP, per 
kilogram of packaged meat 
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[0027] According to another featur of the invention, 
sufficient oxygen removing material is included to main- 
tain an oxyg n level, within the sealed package of 500 
ppm or less throughout the storage life which may be for 
a period of at least 10 weeks from packaging. 
[0028] According to another feature of the invention, 
the foodstuff is positioned within a tray of an oxygen bar- 
rier material, and the tray covered with an oxygen bar- 
rier film layer, the carbon dioxide producing and oxygen 
removing materials being included within the covered 
tray before sealing. 

[0029] The present invention further consists in a food 
package for meat or other foodstuffs comprising a 
sealed enclosure of a gas barrier material, a food prod- 
uct confined in said enclosure, and a carbon dioxide 
generating material and an oxygen removing material 
also confined in said enclosure, said carbon dioxide 
generating material and said oxygen removing material 
being capable, over time, of removing oxygen from the 
atmosphere within said enclosure to provide a low oxy- 
gen environment therein and of generating carbon diox- 
ide in a volume not dependent upon the removal of 
oxygen (see US-A-4 762 722) characterised in that the 
volume of carbon dioxide generated is greater than 
twice the mole ratio of oxygen removed to provide a car- 
bon dioxide rich environment within said enclosure. 
[0030] According to a feature of the invention, carbon 
dioxide producing, and oxygen removing, materials are 
present in the form of one or more sachets or inserts 
positioned within the sealed enclosure. 
[0031] According to another feature of the invention, 
the package contents are separated from the carbon 
dioxide generating and oxygen removing materials by 
an oxygen and carbon dioxide permeable layer. 
[0032] According to another feature of the invention, 
there is present an oxygen barrier seal overlying an oxy- 
gen permeable portion of the package, the removal of 
which allows permeation of oxygen through the oxygen 
barrier or impermeable layer 

[0033] The present invention also consists in a 
method of packaging meat or other foodstuffs in a car- 
bon dioxide rich, low oxygen package environment 
comprising providing a food package including an outer 
enclosure of a gas barrier material and an interior mem- 
ber of a gas permeable material dividing the outer 
enclosure into two interior spaces, placing a food prod- 
uct in one of said interior spaces within said outer enclo- 
sure, placing a carbon dioxide generating material and 
an oxygen removing material in the other of said interior 
spaces within said outer enclosure such that said gas 
permeable member is between the food product and 
said carbon dioxide generating material and said oxy- 
gen removing material, and sealing said outer enclo- 
sure, sad carbon dioxide generating material 
generating carbon dioxide, over time, in a volume not 
dependent upon the removal of oxygen and greater 
than twice the mole ratio of oxygen removed by said 
oxygen removing material. 



[0034] According to another feature of the invention, 
the sealed enclosure comprises an oxygen impermea- 
ble tray into which foodstuff is placed and an overlying 
oxygen barrier film sealing the mouth of the tray, ther 
5 being included within the enclosure a carbon dioxide 
generating material and an oxygen removing material, 
the arrangement being such that the production of car- 
bon dioxide is not dependent upon the removal of oxy- 
gen. 

10 [0035] According to another feature of the invention, 
the package comprises an inner sealed oxygen and car- 
bon dioxide permeable packet, into which the foodstuff 
is sealed, and positioned within a sealed enclosure 
comprising a bag of gas barrier material. 

is [0036] A problem with foodstuffs such as meat is that 
they can absorb large quantities of carbon dioxide. This 
can cause problems with packaging, and particularly 
the buckling of retail ready packs due to reduced inter- 
nal pressure resulting from carbon dioxide absorption. 

20 Some other problems have been mentioned previously. 
One aspect of the present invention seeks to solve this 
problem by including within the package means for pro- 
ducing a relatively large volume of carbon dioxide while 
at the same time allowing for the absorption of residual 

25 oxygen from packaging, and preferably also any oxygen 
which permeates into the package throughout its nor- 
mal lifetime. This may be addressed by including within 
the package means of generating carbon dioxide and 
absorbing oxygen. Ideally the amount of carbon dioxide 

30 generated is independent of the amount of oxygen 
absorbed. Generally also, substantially greater carbon 
dioxide generating capacity is provided for than oxygen 
removal capacity. In preferred embodiments sufficient 
materials are included to generate more than two moles 

35 of carbon dioxide for each mole of oxygen able to be 
absorbed. In many cases preferred embodiments will 
comprise much higher ratios. 

[0037] Most embodiments of the present invention will 
involve the use of means for liberating or evolving car- 

40 bon dioxide within a package of articles, and in many 
instances will rely upon a chemical component or sys- 
tem which is able to release carbon dioxide over a 
period of time. The generation of carbon dioxide within 
the package can address the problems associated with 

45 its absorption by meat or other articles. It is envisaged 
that in most cases the package will be flushed or sealed 
under carbon dioxide during packaging. The carbon 
dioxide generated within the package is generally to 
counteract absorption by the meat or other articles - an 

so equally serious problem would be over inflation which 
ruptured seals of the package. Through this internal 
generation of replacement carbon dioxide for that which 
is absorbed, curling of trays (for instance) can be mini- 
mised rf not totally eliminated. 

55 [0038] Accordingly it is preferable that carbon dioxide 
releas is reiativ ly slow over a continuing period of 
time to prevent over inflation of the package and possi- 
ble release of carbon dioxide through the package 
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material due to an excessive internal pressure. In meet 
cases the rate of carbon dioxide releas should approx- 
imate to the rate of carbon dioxide absorption by the 
packaged contents so that an approximate and d sired 
internal pressure within the package is maintained. For 5 
most meats the bulk of carbon dioxide absorption will be 
within the first 24 hours and it may be desirable to tailor 
carbon dioxide release to occur predominantly over this 
period. There will often be an advantage in the slow but 
continued carbon dioxide release over a longer period 10 
to compensate for losses of Carbon dioxide permeating 
through the film. 

[0039] The rate of carbon dioxide release may be 
influenced by a variety of methods. For instance, chem- 
ical system may be chosen which will, when activated, 15 
release carbon dioxide at the appropriate rate. Another 
method is to make the rate of release of carbon dioxide 
responsive, or triggerable by, some condition within the 
package of articles. This condition might be the pres- 
ence of moisture. Alternatively a system responsive to 20 
other stimuli could be used. Stimuli may include light or 
electromagnetic racfiation in the visible and/or near visi- 
ble regions, and/or electromagnetic radiation in other 
regions such as the RF, microwave, IR, and UV regions. 
[0040] Another method is to contain the carbon diox- 25 
ide evolving materials in a bag or container which limits 
or controls the rate of ingress of materials triggering car- 
bon dioxide release, or to which the rate carbon dioxide 
release is responsive to. Secondly the bag or container 
may control the release of Carbon dioxide evolved 30 
within the bag or container. 

[0041] A further method is to use components whose 
rate of generation or evolution of carbon dioxide are pro- 
portional to the internal pressure of the package. Such 
materials could be relied upon to maintain an approxi- 35 
mate and desired internal pressure of carbon dioxide 
within the package. This could include the use of sub- 
stances reversibly adsorbing carbon dioxide and these 
substances may be combined with other carbon dioxide 
generating systems such as described herein. 40 
[0042] In addition to carbon dioxide evolution, it is 
desirable for there to be components or a system to 
remove oxygen which may be present in, or enter the 
package over time. Most embodiments of the present 
invention will incorporate such components or systems 45 
as even oxygen barrier films will allow the ingress of 
oxygen over a period of time (such as the period for 
which chilled meat is often stored). In an example to be 
given later, it will be shown that the absence of any oxy- 
gen removing substance or system will, in some cases, so 
result in a higher than optimum level of oxygen being 
present in the package. 

[0043] A wide range of oxygen absorbing or adsorbing 
compounds and systems are known. Whether the oxy- 
gen is absorbed or adsorbed or otherwise removed is 55 
not particularly relevant - the main aim is to ensure that 
there is not a level of free oxygen which could adversely 
affect the contents of the package. 



[0044] The prior art has also investigated the use of 
substances and systems which consume fr oxygen in 
a reaction liberating carbon dioxide. Whil such sys- 
tems may be included within th present invention, it 
should be appreciated that such systems should not be 
relied upon for the sole evolution of carbon dioxide. As 
the oxygen levels present within a package are rela- 
tively tow, such systems will be unable to produce suffi- 
cient carbon dioxide to satisfy initial absorption by the 
packaged meat or article. Accordingly, such systems 
would only be useful for providing a perpetual and low 
volume supply of carbon dioxide during the life of the 
package (due to the low volumes of oxygen permeating 
through the package material) and thus higher volume 
carbon dioxide evolving systems should be relied upon. 
[0045] The present invention may also include the use 
of water or moisture absorbing and/or adsorbing sub- 
stances. This may be useful in the removal of fluids or 
excess humidity within the package. However, where 
these are combined with moisture responsive carbon 
dioxide evolving systems (such as the acid and carbon- 
ate systems to be described later), the affinity and 
capacity for moisture removal should not be such that 
the carbon dioxide evolution is not triggered by moisture 
present in the package. In some cases it may be useful 
to rely upon hygroscopic or deliquescent materials to 
draw moisture into the package yet allow sufficient 
moisture to be available for initiating the carbon dioxide 
evolution process. 

[0046] The present invention may also include the use 
of odour absorbing and/or adsorbing components. Such 
substances are well Known and may be incorporated 
into various compositions and packages according to 
the present invention e.g. zeolites, activated charcoals, 
etc. 

[0047] Various compositions which may be used in 
various packages have been discussed. Their inclusion 
into packages may rely upon a variety of techniques. 
[0048] For instance, according to one preferred aspect 
of the present invention the various components of the 
chosen system are incorporated into a bag or sachet. 
Typically this bag will be formed of a gas permeable but 
fluid impermeable material. This will allow gases, and 
usually water vapour, to pass through the walls of the 
bag as required. However they will prevent moisture, 
which is likely to be present in the package, from directly 
contacting the components of the bag or sachet This 
will also help prevent contamination of the packaged 
articles by the components housed within the bag or 
sachet. 

[0049] Micro-perforated films are one such material 
from which a bag may be constructed, or at least partly 
constructed. Other films and materials may also be 
relied upon and various apertures or vents to allow the 
required transfer of gases or vapours through the bag 
may be relied upon. The use of valv members may 
also be considered. 

[0050] A modification is to use an oxygen absorbing 
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polymer for forming the sachet/container. These may 
provide sufficient oxygen absorbing properties for a typ- 
ical package. Other parts of a package may be made 
from such materials. PCT patent application No. WO 
94/1 2590 describes one such material. s 
[0051] As a variation of the bag, a rigid or semi-rigid 
container may be produced for insertion into a package. 
This may be substantially inflexible which may make it 
more difficult to disguise within a package. It could how- 
ever, conceivably be moulded in a form disguising its to 
presence. An example would be a substantially flat tray 
insert upon which the meat or articles were placed. 
Again various valve members, vents or variously per- 
meable portions may be relied upon to allow the neces- 
sary flow of gas and vapours. is 
[0052] As a further variation of this concept the com- 
ponents could be housed within a compartment formed 
into the package or tray. The same options, variations 
and requirements as for the bag and rigid insert are also 
appropriate. However a disadvantage of a compartment 20 
in an actual package material (e.g. tray) is that for man- 
ufacturing simplicity and less problems for the end user, 
any of the required chemicals and substances are likely 
to be inserted into the compartment at the time of its 
manufacture. However it is generally appropriate that 25 
the required compositions are included at the time of 
packaging the meat or articles, depending upon the 
shelf life of the compositions. 

[0053] The quantity of composition included is gener- 
ally proportional to the quantity of meat or other articles 30 
to be packaged. Unless the weight and nature of the 
articles to be packaged are known, it is difficult to antic- 
ipate the correct amount of composition to include. 
Where discrete sachets or inserts are relied upon, one 
or more can be inserted, as appropriate, at the time of 35 
packaging. Alternatively the inclusion of one or more 
sachets or inserts could be relied upon to supplement 
the amount contained in any pref illed compartment. It is 
not generally desirable to have to load free chemicals or 
substances into a compartment while attempting to <o 
package meat or other articles, though automatic dis- 
pensers could be relied upon to insert appropriate 
amounts of compositions into packages or compart- 
ments. 

[0054] Bags and sachets for containing various com- 45 
positions may be formed individually though it is envis- 
aged that strips or sheets of adjacent sachets may be 
manufactured. Typically the bags will be joined to each 
other but be separable by pulling or tearing. In some 
cases cutting may be relied upon though perforations so 
facilitating tearing may be preferred in many instances. 
[0055] Where the components of carbon dioxide 
evolving and oxygen removing systems are included in 
a single package, care must also be taken that the sys- 
tems and components are compatible. In a preferred ss 
embodiment an organic acid with carb nate' type sys- 
tem is relied upon for carbon dioxide evolution. The term 
'carbonate*, as used to describe a component for C0 2 



evolution, shall also indude the hydrogen carbonates' 
(also known as btcarbonates). A common 'organic acid 
with caibonate' system of the present invention is citric 
acid with sodium hydrogen carbonat . 
[0056] An iron (typically in the form of iron(ll) sulphate) 
catalysed ascorbic acid system is relied upon for oxy- 
gen removal from the package. The ascorbic acid can 
also participate in carbon dioxide evolution, though as 
this is not its preferred role. The resulting ascorbate 
(from reaction with the carbonate) is still capable of oxy- 
gen removal. However, for economy, citric acid will often 
be the preferred acid for carbon dioxide evolution. 
[0057] While a package according to the present 
invention may take a variety of forms, including a bag or 
container, it is envisaged that many retail ready embod- 
iments of the present invention will comprise a tray with 
a covering film enabling the contents to be displayed in 
a shelf or refrigerator. The technology associated with 
such packaging is well known and may be relied upon in 
implementing such embodiments of the present inven- 
tion. Technologies associated with other packaging 
forms which may be used with the present invention are 
also well known and could also be relied upon. 
[0058] Modifications, for example to the package, may 
also be implemented. It has been mentioned previously 
that after packaging under carbon dioxide, meat will 
resume a reddish colour if re-exposed to oxygen. 
Accordingly, it will be necessary to introduce oxygen 
into the package to allow this reddening to occur. As 
most embodiments of the invention will have been pack- 
aged in a substantially oxygen free environment and 
with an oxygen impermeable covering, some means 
must be provided to allow oxygen to enter the package 
when required. 

[0059] A physical opening could be created in the 
package, such as by the retailer breaching the integrity 
of the container or covering film (e.g. a knife cut, 
punched hole, etc.), though it is generally preferable 
that the package remains sealed. This leaved several 
possible options including the use of openable and 
doseable valve members to admit air. In other cases, 
vents which are normally closed may be revealed, per- 
haps by peeling off a cover layer. Other arrangements to 
provide a vent between the inside and outside of the 
package may be relied upon. 

[0060] Another alternative is to rely upon the presence 
of an oxygen permeable film which will normally be cov- 
ered during long term storage of the product under car- 
bon dioxide. One method of use for such a film is to use 
an oxygen permeable film as a cover layer for the con- 
tents and to provide an oxygen impermeable layer over- 
lying this. When it is desired to admit oxygen into the 
package, the covering barrier layer would be peeled or 
removed from the package. Such an arrangement need 
not only be applied as the main viewing window for the 
container but also in other positions on the package or 
tray 

[0061] A variety of highly permeable inner package 
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could be used in the masterpack concept. One particu- 
larly useful style is as follows: 

1. Meat is placed in an appropriate tray for retail 
presentation. s 

2. It is then lidded with a prepunched permeable 
film, the punch holes being in appropriate positions 
so that they may be completely covered by a label 

or other seal at the point of sale. Alternatively lidded 10 
trays may be punched in situ on the lidding 
machine. Partial punch holes may also be formed 
so that no unwanted material contact the meat. 

3. The individual trays of meat with the punched is 
holes are stacked in a barrier bag within a carton. A 
sachet of the present invention is included. 

4. The barrier bag is then evacuated in a chamber 
machine and gas flushed with sufficient Carbon 20 
dioxide to seal the carton. 



Figure 6 is a cross-sectional diagrammatic view of 
a variation of figure 5; 

Figure 7 is a cross-sectional diagrammatic view of 
a further variation of figure 5; 

Figure 8 is a perspective diagrammatic view of an 
embodiment of a roll of detachable bags 
of Carbon dioxide evolving material; 

Figure 9 is a further embodiment of the present 

invention, and 

Figure 10 is a further embodiment of the present 
invention comprising a barrier bag with 
meat, and 

Figure 1 1 is a diagrammatic view of a further 
embodiment of the present invention com- 
prising an outer barrier bag. an internal 
permeable bag of meat products, and 



[0062] At the point of sale the trays are removed allow- 
ing the ingress of oxygen through the punch holes. The 
trays are then sealed against leakage by the label or 25 
other sealant 

[0063] The punch holes allow the free circulation of 
gas which is necessary for efficient evacuation, gas 
flushing and eventual oxygenation. The labels or seals 
ensure a drip free container. 30 

BRIEF DESCRIPTION OF DRAWINGS 

[0064] Further aspects of the present invention will 
become apparent from the ensuing description which is 35 
given by way of example only and with reference to the 
accompanying drawings in which: 

Figure 1 is a cross-sectional diagrammatic view of 

a bag embodiment of the present inven- 40 
tion; 

Figure 2 is a perspective diagrammatic view of a 
sheet-like array of bag embodiments such 
as illustrated in Figure 1 ; 45 

Fioure 3 is a cross-sectional diagrammatic view of 
a pellet-like embodiment of the present 
invention, 

50 

Figure 4 is a cross-sectional diagrammatic view of 
another embodiment of the present inven- 
tion comprising a substantially solid 
insert; 

55 

Figures is a cross-sectional diagrammatic view of 
an embodiment f the package according 
to the present invention; 



Fi gure 12 is a further embodiment of the present 

invention, and 

Figure 13 shows a number of packaged articles 
within an impermeable bag. 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 



[0065] By way of example and explanation several 
examples will now be given to illustrate various aspects 
of the present invention. These examples are not meant 
to be limiting nor are they meant to define the scope of 
the present invention. 

Examples 1 ■ Carbon dioxide 

[0066] In a preferred embodiment of the present 
invention the carbon dioxide evolving system comprises 
a solid acidic substance in combination with a sub- 
stance reacting with said acid to release carbon dioxide. 
Typically the substance is a carbonate or hydrogen car- 
bonate compound. Various mixtures of carbonates 
and/or hydrogen carbonates may be combined in vari- 
ous embodiments. 

[0067] Typically, to prevent initiation of the carbon 
dioxide evolution process once the acid and carbonate 
(etc.) are mixed, all components should be solid. 
Accordingly, in many cases the acidic compound used 
will comprise an organic acid though other acidic com- 
pounds able to react with the carbonate (etc.) to release 
carbon dioxide are known and may be used. 
[0068] In a preferred embodiment the carbon dioxide 
evolving system comprises citric acid in combination 
with sodium hydrogen carbonate. Each of these, provid- 
ing they are of sufficient purity, ar commonly used food 
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additives and may be safely used in various embodi- 
ments of th present invention though other compounds 
may b used. Typically embodiments must comply with 
appropriate food contact legislation - this may place cer- 
tain requirements on materials chosen for containing 
components and products of the Carbon dioxide evolv- 
ing system; the outward passage of Carbon dioxide is 
required, though minimal leaching of other substances 
is desired. 

[0069] Other cartoon dioxide releasing chemical sys- 
tems are known and may be incorporated in various 
embodiments of the present invention. 
[0070] Systems in which carbon dioxide is initially 
adsorbed into a particular substance may also be relied 
upon, though subsequent release of the carbon dioxide 
may not always be at the rate or proportion desired. In 
contrast many systems such as the citric acid/hydrogen 
carbonate system previously described are more suita- 
ble for the more rapid initial release, followed by the trail- 
ing off, reaction profile desired for most embodiments. 
Combining the two types of system may be useful for 
customising a carbon dioxide release profile with 
respect to time. 

[0071] Suitably containing the components of a reac- 
tive composition of the type dependent upon the pres- 
ence of moisture, can be used as a control for the rate 
of reaction. The container could therefore be configured 
to govern moisture ingress. The container could also 
govern other means of initiation (e.g. heat, light, other 
electromagnetic radiation). 

[0072] Such combinations may need to be stored in 
the presence of a drying agent until ready for use. Dry- 
ing agents may be included to absorb small amounts of 
moisture which may come into contact with the compo- 
nents before their intended use. 
[0073] The primary role of carbon dioxide generating 
is to replace that absorbed by articles within a package. 
Different package types and techniques may require Af- 
ferent quantities of Carbon dioxide tc : e produced. For 
instance, a flexible pack which has ceen over-inflated 
with Carbon dioxide may only require the generation of 
a small amount of Carbon dioxide- perhaps 0. 1 litre Car- 
bon dioxide (STP) per kg of meat On the other hand, for 
a rigid tray of a red meat, 1.0 litre or more of Carbon 
dioxide (STP) per kg of meat may be required. 

Examples 2 - Oxvoen Removal 

[0074] A range of chemical and physical systems 
which can absorb, adsorb or otherwise remove oxygen 
are known. Each of these may be used in various 
embodiments of the present invention. Typically, for sim- 
plicity, the substances associated with the removal of 
oxygen from within the package will be combined with 
the carbon dioxide evolving substances. This requires 
some compattoiiity between the components and gen- 
erally the simpler chemical or physical systems will be 
preferred. 



[0075] In a preferred embodiment, th oxygen 
removal system relies upon ascorbic acid whose oxidi- 
sation by free oxygen in the package is catalysed by a 
small amount of iron compounds. The combination of 

5 such components with the citric acid/hydrogen carbon- 
ate system described under Example 1 appears com- 
patible in tests to date. In a further preferred 
embodiment, sodium carbonate or bicarbonate and cit- 
ric acid are combined with finely divided iron. 

w [0076] Other compounds and systems able to remove 
oxygen from a package are also known and docu- 
mented in the art. These include the chemical oxidation 
of inorganic compounds (e.g. of sulphites, sulphur, 
hydrogen, metals, boron and silicon). 

15 [0077] Other techniques rely upon the chemical oxida- 
tion of various organic compounds (including ascorbic 
acid) while others have relied on the oxidation of metals 
and metal coated plastics. Some systems have relied 
upon the replacement of oxygen by carbon dioxide. 

20 [0078] Each of the foregoing methods may all be con- 
sidered for use in the present invention. As most are 
known in the prior art they will not be described further 
herein. In some cases the compatibility with carbon 
dioxide evolving systems may need to be investigated, 

25 or alternatively the oxygen removers separated from the 
carbon dioxide evolvers. 

[0079] Where separation is called for, each particular 
system may be maintained in its own compartment or 
receptacle. However, rather than having separate 

30 receptacl es to be added to a package, it is perhaps pre* - 
erable that the different carbon dioxide evolving and 
oxygen removing systems are kept within their own 
compartments within a single sachet. This would allow 
the correct proportions of oxygen removing substances 

35 to carbon dioxide evolving substances to be ore-pre- 
pared. No matter how many sachets were added to a 
package, the correct proportions of each system would 
be maintained. In some cases maintaining these pro- 
portions may not be important other than for reasons of 

40 economy of materials. 

Examples 3 - Sample Calculations 

[0080] Take a thermoformed tray of thickness 500 
45 microns and dimensions 25x1 0x5cm. 

[0081 ] Volume of tray is 1 250cc. 

[0082] Surface area of tray is 0.06m 2 . 

[0083] If the tray is made from PVC, a typical Carbon 

dioxide transmission rate is 500cc per m 2 over 24 hours 
so per 25 micron i.e. 500/20 per m 2 over 24 hours i.e. 25cc 

per m 2 in 24 hours. 

[0084] The surface area of the tray is 0.06m 2 so we 
would expect to lose 1 .5cc per day. 
[0085] At 0°C permeation rate is reduced by a factor 
55 of approximately 4.2, therefore we would expect to lose 
0.36cc per day through the tray. 
[0086] Over the lifetime of the package i.e 10 weeks, 
the Carbon dioxide loss through the tray would b 25cc. 
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[0087] Th oxygen transmission rate of the PVC 
would be 150cc per m 2 over 24 hours per 25 micron, 
therefore the amount of oxygen entering the pack 
through the tray would b 7.5cc over ten weeks. 
[0088] Typical transmission rates through the peelable s 
barrier are as follows: 

Carbon dioxide-25cc per m 2 24h 
0 2 - 5cc per m 2 24h 

10 

[0089] The surface area of the peelable barrier is 
0.025m 2 

[0090] At 0°C we would expect to lose 1 0cc of Carbon 
dioxide, through the peelable barrier, and allow the 
ingress of 2.0cc of oxygen. is 
[0091 ] Thus loss of Carbon dioxide would be limited to 
35cc over the ten week lifetime of a package. This level 
could be easily replaced by a Carbon dioxide generator. 
[0092] The total amount of oxygen permeating into the 
package over a ten week period would be approxi- 20 
mately 9.5cc. This equates to 7,600 parts per million, 
which is high enough to induce spoilage of the product 
(The maximum permissible oxygen level for Carbon 
dioxide packaging of beef is 500ppm, which is dose to 
the level commonly achieved by vacuum/gas flushing 25 
machines). As a result, an oxygen remover would be 
required with a PVC tray. 

[0093] If we assume that the meat occupies two thirds 
of the package, and that each kilo of meat requires at 
least 1 .5 litres of Carbon dioxide, we would need to gen- 30 
erate 1 ,240cc of Carbon dioxide. This could be gener- 
ated by a sachet containing 4.65g of sodium 
bicarbonate, and 3.6g of citric acid. 

Examples 4 - Containmen t of the Compositions 35 

[0094] Compositions such as described in Examples 
1 and 2 normally will be required to be contained in 
some manner. 

40 

Example 4A 

[0095] Figure 1 illustrates one method of containing a 
composition 1. Here the composition 1 is contained 
within a bag or sachet 2 comprising two layers 3 of a 45 
flexible material sealed at the edges. Typically the flexi- 
ble material 3 must be relatively highly permeable to 
carbon cSoxide and oxygen. If the composition 1 is mois- 
ture activated then the film 3 must also allow the perme- 
ation of water vapour even though the film may be fluid so 
impervious. 

[0096] A variety of films having the desired character- 
istics are known though preferred are micro-perfbrated- 
films which provide high gas permeability but fluid 
impermeability. Vents and apertures may also be pro- s$ 
vided in films of different, types to provide the desired 
characteristics. Oxygen scavenging films may also be 
relied upon for construction of. and/or inclusion in, bags 



and sachets. 
Example 4B 

[0097] Figure 2 illustrates a sheet 4 of individual bags 
2 which are separated by perforations 5. The perfora- 
tions 5 allow individual bags or strips to be removed by 
pulling or tearing. These can then be used as required. 
[0098] Figure 8 illustrates a roll 22 of sachets 2 which 
may be torn off for use. 

Example 4C 

[0099] Figure 3 illustrates a further embodiment of a 
composition according to the present invention. Here a 
pellet 6 comprising a compressed core 7 of composition 
is coated with a layer 8 of a suitable substance. 
[01 00] The coating 8 may be a dissolvable layer which 
gradually exposes the core for reaction. Many such 
compounds are known which would be suitable. How- 
ever as the components of the composition will gradu- 
ally be exposed, it would be desirable to place such an 
embodiment inside another receptacle, e.g. instead of 
the loose composition 1 as shown in Figure 1. In such 
an instance the coating layer 8 need not be provided rf 
the compressed core 7 were housed within another 
receptacle. 

[0101] As a variation a matrix comprising the desired 
components (for carbon dioxide generation/release 
and/or oxygen removal) in a dissolvable substitute may 
be provided. For instance a carbonate/organic 
acid/ascorbic acid system could be dispersed in a poly- 
ethylene oxide substrate (perhaps in a slurry using 
dichloromethane as a solvent) which is then formed or 
moulded to shape. 

Example 40 

[0102] In Figure 4 is shown a further embodiment of 
the present invention where a composition 1 is provided 
in a rigid or semi-rigid container 9 which can be inserted 
into a tray. In Figure 4 is illustrated an embodiment 
where the insert 9 situated in the base portion of the tray 
and allows the meat or other articles to be placed on 
top. 

[0103] The container 9 will generally be permeable to 
allow for at least the release ov carbon dioxide and gen- 
erally for the ingress of oxygen. The ingress of moisture 
may also be required in some instances. These features 
may be provided by forming the container of a suitably 
permeable material. Alternatively, strategically posi- 
tioned vents or apertures may be relied upon, such as 
the base vents 10 illustrated in Figure 4. This type of 
embodiment could also rely upon the use of a valve 
member 1 1 which can be self operating or set to oper- 
ate when the packag is filled. 
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Example 4E 

[0104] Figure 5 illustrates an embodiment of the 
present invention in which a compartment 12 is formed 
into a tray 13. While the compartment may be semi- s 
rigid, it may also comprise a layer of a suitably permea- 
ble film 14 adhering to the sides of the tray 13. Where 
the compartment is integrally formed, a window of a 
suitably permeable film may be provided. The general 
requirements of permeability which will allow the access 10 
and exit of components to and from the contained com- 
position 1 have been previously discussed. Various 
methods of providing oxygen and carbon dioxide per- 
meability have also been described. 
[0105] The articles of meat 15 are also illustrated in is 
Figure 5. An upper transparent cover 16 of an oxygen 
permeable material such as polyethylene is also shown. 
Covering this oxygen permeable layer 16 is a barrier 
layer 1 7 shown in a partially peeled position. After pack- 
aging, the oxygen barrier layer 17 totally covers and 20 
seals the permeable film 16. Immediately before dis- 
play, where it is desired to return the red colour to meat, 
the barrier layer 17 is peeled back and removed from 
the package leaving a still sealed package in which the 
meat will reassume its red colour. 25 
[01 06] Figure 6 is a similar arrangement, though illus- 
trates how the films 1 6, 1 7 can help retain the packaged 
meat in place i.e. the height of the meat is commensu- 
rate to the height of the tray - the film (16) contacts or 
comes into close proximity to the meat thereby restrict- 30 
ing its movement. 

[01 07] Figure 7 illustrates an alternative arrangement 
where the product is first packed using a highly oxygen 
permeable vacuum skin film. This package is then evac- 
uated, gas flushed, and lidded with an oxygen barrier 35 
film. As a further variation on this theme, the product is 
overwrapped in a highly permeable film (by manual or 
mechanical means), then gas flushed and lidded with 
an oxygen barrier film. The sachet 2 may be included 
with the meat though in a preferred embodiment film 1 6 40 
is sufficiently permeable for it to be placed within the 
intervening region (between film 16 and 17). 

Examples 5 - Methods of Packaging 

45 

Example 5A 

[0108] Two sirloin steaks weighing approximately 
400g were vacuum skin packed to an amorphous PET 
tray using a highly permeable Intact film. The package so 
was then evacuated, gas flushed with Carbon dioxide 
and sealed under a barrier lid. A perimeter seal only 
was applied. 

[0109] The volume of the sealed tray was approxi- 
mately 1 .3 times the volume of the meat. ss 
[0110] After 72 hours storage at 0°C the tray was 
highly distorted because most of the Carbon dioxide 
had been absorbed by the meat. 



[0111] Two similar steaks to the previous example 
were vacuum skin packed to an identical tray. A sachet 
consisting of 4.5g of Sample Formulation A and 5cc of 
water was placed on top of th vacuum skin fim. The 
tray was evacuated, gas flushed with Carbon dioxide, 
then sealed under a peelable barrier lid. 
[01 1 2] After 72 hours storage at 0°C no distortion of 
the tray was evident. 

[01 1 3] The lidding film could be removed from the tray 
without disturbing the highly permeable skin film, allow- 
ing the product to rebloom. 

[01 14] A very low volume package with a storage life 
of up to 12 weeks at -TC had been produced using rel- 
atively low cost materials. The low volume of the pack- 
age resulted in savings in packaging materials and 
distribution costs and a reduction in the amount of 
waste generated. 

Example 5B 

[01 1 5] A special lidding film was prepared. This con- 
sisted of an adhesive layer (for adhesion to the tray) and 
a highly permeable polyethylene layer weakly bonded to 
an oxygen barrier layer. 

[0116] Two sirloin steaks weighing approximately 
400g were placed in an amorphous PET tray. The tray 
was evacuated , gas flushed with Carbon dioxide and 
sealed at the perimeter using the special lidding film. 
[0117] After 72 hours storage at 0°C the tray was 
highly distorted. 

[01 1 8] Two similar steaks were packaged in an identi- 
cal procedure, except that a sachet consisting of 4.5g of 
Sample Formulation A in a microporous film was 
included with the meat. 

[01 1 9] After 72 hours storage at 0°C no distortion of 
the tray was evident. 

[0120] The barrier layer could be removed, leaving 
behind a highly permeable polyethylene layer. This 
allowed the meat to rebloom. 
[0121] These very low volume packages could be 
stored for up to 1 2 weeks at -1 °C. After reblooming they 
were ready for retail display. 

Example 5c 

[0122] Two sirloin steaks weighing approximately 
400g were placed in a 500 micron PVC tray. 
[01 23] 4.5g of Sample Formulation A was placed in a 
sachet. One side of the sachet wall had attached a pres- 
sure sensitive adhesive layer. The sachet was adhered 
to the tray. 

[01 24] The tray was evacuated, gas flushed with Car- 
bon dioxide and perimeter sealed simultaneously under 
two webs. The first web consisted of an antifog contain- 
ing adhesive layer for PVC and a permeable layer. The 
second web consisted of a peel seal layer for the outer 
layer of the first web and a high barrier layer such as 
EVOH. 
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[0125] The packages had excellent storage lives as in 
the previous examples. The barrier layer could b 
removed at the point of sale allowing retail display in the 
bloomed stat . 

[0126] * The sachet could also be adhered to the lidding s 
film. 

[0127] In the preceding examples the sachets had 
enabled meats to be packed in high product to pack vol- 
ume trays, under a low oxygen high carbon dioxide 
atmosphere. The atmosphere is highly conducive to a 10 
long storage and display life. 

Example 5d 

[0128] Eight legs of lamb weighing approximately ts 
16kg wrapped in a moisture absorbent, gas permeable 
material were placed inside a foil pouch contained 
within a carton. The pouch was evacuated and then gas 
flushed, so that the carton could just be sealed (10L of 
Carbon dioxide). After prolonged chilled storage the 20 
carton was opened and it was found that the pouch 
clung tightly to the meat cuts, as all the Carbon dioxide 
had been absorbed by the meat. Inadequate Carbon 
dioxide had been added. 

[0129] A similar package was prepared, except that 2s 
the foil laminate pouch was gas flushed so that 24L of 
Carbon dioxide was used. The carton could not be 
sealed as the pouch was too large. After 24 hours 
chilled storage, the carton was retrieved from the store- 
room and sealed, as sufficient amounts of Carbon diox- 30 
ide had by then be absorbed. After prolonged chilled 
storage, the carton was opened and the pouch was 
found to be a loose fit, indicating that an adequate 
amount ol Carbon dioxide had been added. 
[0130] A larger case was used with the foregoing 35 
example where 24L of Carbon dioxide was used in the 
gas flushing stage. This could be sealed, but the larger 
volume meant that fewer cases could be packed into a 
container for shipping. After prolonged chilled storage 
the carton was opened and the pouch was still a loose *o 
fit indicating that an adequate amount of Carbon diox- 
ide had been added. 

[0131] Similarly, eight legs of lamb were packed in a 
carton as in Example I. A moisture activated carbon 
dioxide release/oxygen absorber sachet was prepared 4$ 
by sealing tOOg of Sample Formulation I into a microp- 
erforated film. The sachet was placed in the pouch 
which was evacuated and gas flushed with 10L of Car- 
bon dioxide. Ttie sachet generated 13.8L of Carbon 
dioxide and absorbed any oxygen remaining in the so 
package. Low volume cartons had been used, and the 
cartons could be sealed immediately after the pouch 
had been sealed. After prolonged storage the pouch 
was found to be a loose fit indicating that sufficient gas 
had been added. 55 
[01 32] After one week the oxygen concentration was 
less than 10ppm and this level of oxygen was retained 
throughout the lifetime of the package. 



[01 33] A similar package was prepared except that a 
transparent barrier bag was used in place of th foil lam- 
inate bag. No difference in product quality was 
observed after prolonged periods of storage. The use of 
an oxygen absorber had allowed the expensive foil 
pouch to be replaced with a cheap r coextruded bag. 
[01 34] Cuts of lamb (total weight of 1 0 kg) wrapped in 
a highly permeable film or in highly permeable contain- 
ers were also placed in a similar pouch, which was 
evacuated and gas flushed with 0.5L of Carbon dioxide 
per kg of meat (5L total). A sachet consisting of 95g of 
Sample Formulation H wrapped in a damp absorbent 
towel was added to the package. This was capable of 
generating 10L of Carbon dioxide and absorbing up to 
2L of oxygen. The oxygen absorber removed residual 
oxygen introduced into the pouch by the retail ready 
packs. This allowed a masterpack of shelf ready cuts 
with a long storage life to be obtained. The oxygen con- 
centration rapidly reduced to less than 1 0 parts per mil- 
lion and was retained at this level for the lifetime of the 
package. 

[01 35] Similar results were obtained with retail ready 
packs of beef steak. 

Example 5e 

[0136] Eight legs of lamb weighing approximately 
16kg were wrapped in an absorbent material. A sachet 
containing 150g of Sample Formulation I in a micropc- 
rous film was added. 

[01 37] The pouch was evacuated and sealed. No Car- 
bon dioxide was added. 

[0138] Within two days the package was a loose f it. 
indicating that an excess of Carbon dioxide had been 
generated. 

[0139] The legs of lamb had a storage life of greater 
than 12 weeks at -1°C. This was much better than com- 
parable vacuum packs. 

[0140] The oxygen concentration was less than 10 
parts per million throughout the tiletime of the package. 
[0141] A simple vacuum packaging machine had been 
used to produce carbon dioxide gas enriched packages 
similar to those produced by the Captech process. 

Example 5f 

[01 42] Eight I egs of lamp wrapped in absorbent mate- 
rial were placed in a barrier pouch. 
[0143] Excess air was displaced from the pouch and 
a sachet consisting of 128g of Sample Formulation G 
was added. 

[0144] The pouch was heat sealed. No vacuum or gas 
flushing had been used 

[0145] After seven days the oxygen concentration in 
the package was less than 10 parts per million. 
[0146] The storage life was equivalent to that 
described in the previous exampte. 
[0147] No sophisticated or expensive equipment had 
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been used. 
Examples 6 

[0148] A number of sachets 2 wer prepared by seal- s 
ing 3g of Sample Formulation C into a microporous lilm 
(dimensions approximately 35 x 35 mm). 
[0149] The sachets were stored in the presence of sil- 
ica gel. 

[0150] With reference to Figure 9, a sirloin steak 15 io 
weighing approximately 250g was placed in a 500 
micron thick PET (polyethylene terephthalate) tray. The 
steak 1 5 was vacuum skin packaged using a highly per- 
meable Trigon INTACT™ film 16. One sachet 2 was 
placed above the vacuum skin packaging film and 5cc is 
of water was added. The tray was then evacuated, gas 
flushed with carbon dioxide and sealed under a peela- 
ble barrier film. 

[0151] The packages were stored at -1.5°C for 
extended periods. No distortion of the packages 20 
occurred. 

[0152] The peelable barrier film 1 7 and the sachet 2 
could both be removed at the same time allowing the 
meat to rebloom. To the consumer, the product would 
appear as a bright red steak on a tray overwrapped with 25 
skin fBm. This embodiment would be useful for where 
consumer resistance to the presence of a sachet is a 
problem. 

[0153] Like the previous examples a drip absorption 
system could be used to enhance package appearance. 30 
[0154] At various intervals samples were removed 
from storage and compared to identical vacuum pack- 
aged steaks. These were packed at the same time 
using a pouch of similar permeability to the PET 
tray/barrier film combination used in this example. Meat 35 
packed using the system of example 6 had markedly 
lower bacteria counts than the vacuum packed steaks 
and a longer storage life. The colour in the oxygenated 
state was much better than for the vacuum packed 
steaks. The meat could be packed at a processing plant 40 
and supplied direct to retail outlets, where it could be 
displayed in its oxygenated state without repacking. 

Example 7 

45 

[01 55] Some formulations suitable for use as carbon 
dioxide generators and oxygen removers are as follows. 
These formulations may be broken down into smaller 
quantities for use according to the present invention. K 
is envisaged that for many examples the chemical sys- so 
terns will be present in sachets or inserts for inclusion 
into a package. 



A 


Sodium bicarbonate 


450g 




Fumaric acid 


288g 




FeCI 2 .4H 2 0 


40g 




Sodium as cor bat e 


210g 


B 


Sodium carbonate 


283g 




Sodium bicarbonate 


225g 




Fumaric acid 


288g 




FeCI 2 .4H 2 0 


40g 




Sodium ascorbate 


210g 


C 


Sodium bicarbonate 


450g 




Citric acid 


311g 




Ascorbic acid 


60g 




FeCI 2 .4H 2 0 


3g 


0 


Sodium bicarbonate 


150g 




Citric acid 


51g 




EDTA 


10g 




Ascorbic acid 


50g 




FeCI 2 .4H 2 0 


5g 


E 


Sodium bicarbonate 


180g 




EDTA 


150g 




FeCI 2 .4H 2 0 


50g 


F 


Sodium bicarbonate 


130g 




Poly(acrylic acid) 


100g 




FeCI 2 .4H 2 0 


50g 


G 


Sodium bicarbonate 


133g 




Citric acid 


102g 




Iron powder 


20g 


H 


Sodium bicarbonate 


450g 




Fumaric acid 






FeCI 2 .4H 2 0 


KJOg 




Sodium ascorbate 


210g 


I 


Sodium bicarbonate 


450g 




Fumaric acid 


288g 




Sodium ascorbate 


53g 




FeS0 4 .H 2 0 


lOg 
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(continued) 



J 


Sodium bicarbonate 


450g 




Fumaric acid 


288g 




Sodium ascorbate 


355g 




FeCI 2 .4H 2 0 


40g 



Examples 8 

10 

[0156] As a further variation Figures 10 and 11 illus- 
trate alternative embodiments of the present invention. 
Figure 10 illustrates a barrier outer bag containing meat 
product and inserts containing a carbon dioxide gener- 
ating and oxygen removing substance. Preferably the is 
included materials are able to generate carbon dioxide 
independently of oxygen removal and have sufficient 
capacity to produce at least two times as much carbon 
dioxide gas (measured as a moiar ratio) as the ability for 
oxygen removal. More preferably this ratio is 5:1 or 20 
higher. The quantity of included material should also be 
sufficient to ensure that there is at least the ability to 
generate at 0.1 litres or more of carbon dioxide (meas- 
ured at STP) per kilogram of enclosed meat. The meat 
product may be wrapped in a material known as 25 
absorber pad. A material known as "Absorba Pad" is a 
laminate of perforated plastics and an absorber material 
such as paper. 

[0157] In Figure 1 1 is illustrated an alternative embod- 
iment in which the meat is packaged within an internal 30 
permeable bag. The inner bag should be permeable to 
both carton dioxide and oxygen. The outer bag remains 
as a barrier material and ideally the carbon dioxide gen- 
erating and oxygen removing material is positioned 
between the two bag layers. 35 
[0158] With respect to Figure 12, an insert 2 within a 
tray 1 3 containing meat 1 5 is lidded by two layers of film 
18, 19, layer 18 being a barrier layer and layer 19 being 
a permeable layer. 

[0159] Figure 13 illustrates a number of packages 20 40 
within a impermeable container 21 . The interior of the 
container may be gas flushed or evacuated after load- 
ing. Packages 20 may come in many forms. For exam- 
ple the package may be a filled bag, it may be a skin-to- 
skin package, it may be a lidded tray where the tray is 45 
permeable, or any other form of composite pack. 
[0160] The packages described by way of example 
are characterised by the fact that there is minimal air or 
head space, the packaging process can be completed 
in one step and where trays are used tray distortion is so 
not a problem. 

[0161] Aspects of the present invention have been 
described by way of example only and it should be 
appreciated that modifications and additions may be 
made thereto without departing from the scope thereof ss 
as defined in the appended claims. 



Claims 

1 . A method of packaging meat or other foodstuffs in a 
carbon dioxide rich, low oxygen package environ- 
ment comprising 

providing a food package of a gas barrier mate- 
rial, 

placing a food product within said food pack- 
age, 

placing in said package with said food product 
a carbon dioxide generating material and an 
oxygen removing material, and 
sealing said package, 

said carbon dioxide material generating carbon 
dioxide in a volume not dependent upon the 
removal of oxygen and greater than twice the 
mole ratio of oxygen removed by said oxygen 
removing material. 

2. A method according to Claim 1 wherein said pack- 
age is evacuated prior to sealing to provide a 
reduced volume of air in said package when 
sealed. 

3. A method accord ng to Claim 1 wherein said pack- 
age is gas flushed before sealing to provide a mod- 
ified atmosphere in said package when sealed. 

4. A method according to Claim 3 wherein said pack- 
age is gas flushed with carbon dioxide prior to seal- 
ing to provide an atmosphere therein having a 
carbon dioxide content higher than the carbon diox- 
ide content of air. 

5. A method of packaging meat or other foodstuffs in a 
carbon dioxide rich, low oxygen package environ- 
ment comprising 

providing a food package including an outer 
enclosure of a gas barrier material and an inte- 
rior member of a gas permeable material divid- 
ing the outer enclosure into two interior spaces, 
placing a food product in one of said interior 
spaces within said outer enclosure, 
placing a carbon dioxide generating material 
and an oxygen removing material in the other 
of said interior spaces within said outer enclo- 
sure such that said gas permeable member is 
between the food product and said carbon 
dioxide generating material and said oxygen 
removing material, and 
sealing said outer enclosure, 
said carbon dioxide generating material gener- 
ating carbon dioxide, over time, in a volume not 
dependent upon the removal of oxygen and 
greater than twice the mole ratio of oxygen 
removed by said oxygen removing material. 
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6. A method according to claim 5 wherein the rate and 
volume of carbon dioxide generated is predeter- 
mined and proportional to the mass of the food 
product within said packag . 

7. A food package for meat or other foodstuffs (1 5) 
comprising 

a sealed enclosure (13. 17, 18) of a gas barrier 
material 

a food product (15) confined in said enclosure, 
and 

a carbon dioxide generating material and an 
oxygen removing material (1, 7) also confined 
in said enclosure, said carbon dioxide generat- 
ing material and said oxygen removing material 
being capable, over time, of removing oxygen 
from the atmosphere within said enclosure to 
provide a low oxygen environment therein and 
of generating carbon dioxide in a volume not 
dependent upon the removal of oxygen charac- 
terised in that the volume of carbon dioxide 
generated is greater than twice the mole ratio 
of oxygen removed to provide a carbon dioxide 
rich environment within said enclosure. 

8. A food package according to claim 7 wherein said 
carbon dioxide generating and oxygen removing 
materials (1) are confined in a permeable packet or 
sachet (2). 

9. A food package according to claim 7 or 8 including 
a gas permeable member (14) dividing said enclo- 
sure into two internal spaces and wherein the food 
product is confined in one of said spaces and said 
carbon dioxide generating and oxygen removing 
materials (1) are confined in the other of said 
spaces. 

10. A food package according to claim 9 wherein said 
enclosure comprises a bag of gas barrier material. 

1 1 . A food package according to claim 9 a 1 0 wherein 
said gas permeable member comprises a sealed 
bag (16) in which the food product (15) is confined. 

12. A food package according to claim 9 wherein said 
enclosure comprise a tray (13) having a bottom and 
sides defining an interior space with an open top 
and a closure member (16,17) across the top of 
said tray and sealed to said tray, and wherein said 
gas permeable member is a film layer (1 4) beneath 
and generally coextensive with said closure mem- 
ber (18). 

13. A food package according t d aim 7, 8 or 9 wherein 
said enclosure comprises a tray (13) having an 
open top and bottom and side walls defining an 



interior space, and a gas barrier film layer (17. 18) 
closing th open top of said tray. 

14. A food package according to claim 9 or claims 9 
5 and 13 wherein said gas permeabl member com- 
prises a fim layer (14) generally coextensive with 
said gas barrier film layer (17) but spaced there- 
from. 

10 15. A food package according to any of claim 7 to 14 
wherein said carbon dioxide generating material is 
capable of generating carbon dioxide at a rate and 
of a volume in a predetermined proportion to the 
mass of the food product (15) in said enclosure. 

15 

16. A food package according to claim 15 wherein said 
carbon dioxide generating material is capable of 
generating carbon dioxide at a rate and of a volume 
sufficient for absorption of carbon dioxide by the 

20 food product (1 5) and to maintain a desired internal 
pressure within said enclosure. 

17. A food package according to claim 16 wherein said 
carbon dioxide generating material is capable of 

25 generating one litre of carbon dioxide per kilogram 
of the food product (1 5). 

Patentanspruche 

30 1. Verfahren zum Verpacken von Fleisch Oder ande- 
ren Nahrungsmitteln in eine 

Verpackungsumgebung, die an Kohlendioxid 
reich ist, mit geringem Sauerstoff, das umfasst, 

35 eine Nahrungsmittelverpackung von einem 

Gasbarrierenmaterial zu liefern, 
ein Nahrungsmittelprodukt in die Nahrungsmit- 
telverpackung zu bringen, 
in die Verpackung mit dem Nahrungsmittetpro- 

40 dukt ein Kohtendioxiderzeugungsmaterial und 

ein Sauerstoff entfernungsmaterial zu bringen, 
und 

die Verpackung abzudichten, 
wobei das Kohlendioxidmateriai Kohlendioxid 
45 mit einem Volumen erzeugt, das nicht von der 

Entfernung von Sauerstoff abh&rtgt und grGBer 
als zweimal des MolverhaJtnisses von dem 
Sauerstoff ist, der von dem Sauerstoff entfer- 
nungsmaterial entfernt wird. 

so 

2. Verfahren nach Anspruch 1 , in dem die Verpackung 
vor dem Abdichten evakuiert wird, urn ein verringer- 
tes Luftvolumen in der Verpackung zu liefern. wenn 
sie abgedichtet ist. 

55 

3. Verfahren nach Anspruch 1 , in dem die Verpackung 
mit Gas gespQIt wird. bevor si abgedichtet wird. 
urn eine modifizierte Atmosphere in der Verpak- 
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kung zu liefern, wenn sie abgedichtet ist. 

4. Verfahren nach Anspruch 3, in dem die Verpackung 
mit KohlendioxidQas gespult wird. bevor sie abge- 
dichtet wird, urn eine Atmosphare darin mit einem s 
Kohiendioxidgehaft zu liefern, der hOher als der 
Kohlendioxidgehalt von Luft ist 

5. Verfahren zum Verpacken von Fteisch oder ande- 

ren Nahrungsmitteln in eine Verpackung sumge- 10 
bung, die an Kohldioxid reich ist, mit geringem 
Sauerstoff, das umfasst eine Nahrungsmittelver- 
packung einschlieBlich einer auBeren Umschlie- 
Bung eines Gasbarrierenmaterials und eines 
inneren Gieds aus einem gasdurchiassigen Mate- is 
rial zu liefern, das die auBere UmschlieBung in zwei 
innere Raume aufteitt, 

ein Nahrungsmittelprodukt in einen der inneren 
Raume innerhaib der auBeren UmschlieBung 20 
zu bhngen, 

ein Kohlendioxiderzeugungsmaterial und ein 
Sauerstoffentfernungsmaterial in den anderen 
der inneren Raume in der auBeren Umschlie- 
Bung zu bringen, so dass das gasdurchlflssige 25 
Glied zwischen dem Nahrungsmittelprodukt 
und dem Kohlendioxiderzeugungsmaterial und 
dem Sauerstoffentfernungsmaterial ist und 
die AuBere UmschlieBung abzudtchten, 
wobei das Kohlendioxiderzeugungsmaterial 30 
uber eine Zeitdauer Kohiendioxid mit einem 
Volumen erzeugt das nicht von der Entfernung 
von Sauerstoff abhangt und groBer als zweimal 
des Molverhaltnisses von Sauerstoff ist, der 
von dem Sauerstoffentfernungsmaterial ent- 35 
fernt wird. 

6. Verfahren nach Anspruch 5, in dem die Geschwin- 
digkeit und das Volumen von erzeugtem Kohiendi- 
oxid vorbestimmt ist und proportional zu der Masse 40 
des Nahrungsmittelprodukts in der Verpackung ist. 

7. Nahrungsmittelverpackung fOr Fleisch oder andere 
Nahrungsmittel (15), die folgendes umfasst 

45 

eine abgedichtete UmschlieBung (13, 17, 18) 
aus einem Gasbarrierenmaterial, 
ein in der UmschlieBung eingesclossenes Nah- 
rungsmittelprodukt und 

ein Kohlendioxiderzeugungsrnaterial und ein so 
Sauerstoffentfernungsmaterial (1,7), die auch 
in der UmschlieBung eingeschlossen sind, 
wobei das Kohlendioxiderzeugungsmaterial 
und das Sauerstoffentfernungsmaterial uber 
eine Zeitdauer Sauerstoff von der Atmosphere 55 
innerhaib der UmschlieBung entfemen k6nnen, 
urn eine Umgebung mit geringem Sauerstoff 
darin zu liefern. und Kohiendioxid mit einem 



Volumen zu erzeugen. das nicht von der Ent- 
fernung von Sauerstoff abhangt dadurch 
gekennzeichnet, dass das Volumen des 
erzeugten Kohlendioxids grOBer als zweimal 
des Molverhaltnisses des entfernten Sauer- 
stoffs ist, um eine kohlendioxidreiche Umge- 
bung in der UmschlieBung zu liefern. 

8. Nahrungsmittelverpackung nach Anspruch 7, in der 
Kohlendioxiderzeugungs- und Sauerstoffentfer- 
nungsmaterialien (1) in einem durchlassigen Pack- 
chen oder Kiss en (2) eingeschlossen sind. 

9. Nahrungsmittelverpackung nach Anspruch 7 oder 
8, die ein gasdurchiassiges Glied (14) einschlieBt, 
das die UmschlieBung in zwei innere Rflume auf- 
teilt und in der das Nahrungsmittelprodukt in einem 
der Relume eingeschlossen ist und die Kohlendioxi- 
derzeugungs- und Sauerstoffentfemungsmateria- 
lien (1) in dem anderen der Raume eingeschlossen 
sind. 

1 0. Nahrungsmittelverpackung nach Anspruch 9, in der 
die UmschlieBung einen Beutel aus Gasbarrieren- 
material umfasst 

11. Nahrungsmittelverpackung nach Anspruch 9 der 
10, in der das gasdurchlassige Glied einen abge- 
dichteten Beutel (16) umfasst, in dem das Nar> 
rungsmittelprodukt eingeschlossen ist 

1 2. Nahrungsmittelverpackung nach Anspruch 9, in der 
die UmschlieBung ein Schale (13) mit einem Boden 
und Serten umfasst. die einen inneren Raum mit 
einem offenen Oberteil definieren. und ein SchlieB- 
glied (16,17) uber dem Oberteil der Schale, und 
das an der Schale abgedichtet ist, und in der das 
gasdurchlassige Glied eine Folienschicht (14) unter 
dem Schliefiglied (18) ist und das sich damit im all- 
gemeinen erstreckt 

13. Nahrungsmittelverpackung nach Anspruch 7, 8 
oder 9, in der die UmschlieBung eine Schale (13) 
mit einem offenen Oberteil und einem Boden und 
Seitenwanden umfasst die einen inneren Raum 
definieren, und eine Gasbarrierenfolienschicht (1 7, 
18), die das otfene Oberteil der Schale schlieBt. 

14. Nahrungsmittelverpackung nach Anspruch 9 oder 
Anspruchen 9 und 13, in der das gasdurchlassige 
Glied eine Folienschicht (14) umfasst, die sich im 
allgemeinen mit der Gasbarrierenfolienschicht 
erstreckt (17). aber davon beabstandet ist. 

15. Nahrungsmittelverpackung nach einem der 
Anspruche 7 bis H, in der das Kohlendioxiderzeu- 
gungsmaterial Kohiendioxid mit einer Geschwindig- 
keit und mit ein m Volumen in einem 
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vorbestimmten Verhaltnis zu der Masse des Nah- 
rungsmrttelprodukts (1-5) in der UmschlieGung 
erzeugen kann. 

16. Nahrungsmittelverpackung nach Anspruch 15, in 
der das Kbhiendioxiderzeugungsmateriai Kdhlendi- 
oxid mtt einer Geschwindigkeit und mit einem Volu- 
men erzeugen kann, das fOr die Absorption von 
Kohlendioxid von dem Nahrungsmittelprodukt (15) 
und zum Halten eines erwunschten inneren Drucks 
in der Umschlieflung ausreicht. 

17. Nahrungsmittelverpackung nach Anspruch 16, in 
der das Kohl end ioxiderzeugungsmaterial einen 
Liter Kohlendioxid pro Kilogramm des Nahrungs- 
mittelprodukts (15) erzeugen kann. 

Revendi cations 

1. Methode de condition nement de viande ou autres 
prod u its alimentaires en environnement riche en 
dioxyde de carbone et pauvre en oxygene compor- 
tant: 

l apport d'un materiau servant de barrier e au 
gaz a un conditionnement alimentaire, 
la mise d'un produit alimentaire dans (edit con- 
ditionnement aJimentaire, 
la mise dans I edit conditionnement avec (edit 
produit aJimentaire d'un materiau g6n6rateur 
de dioxyde de carbone et d'un materiau eiimi- 
nateur d'oxygene, et 

la fermeture hermetique dudit conditionne- 
ment 

ledit materiau generateur de dioxyde de car- 
bone d6gageant le dioxyde de carbone en 
volume independant de ('elimination de loxy- 
gene et deux fois superieur au rapport molaire 
^limine par ledit materiau eliminateur d'oxy- 
gene. 

2. Methode selon la revendication 1 suivant laquetle 
ledit conditionnement est 6vacue avant la fermeture 
hermetique de maniere a assurer une volume 
reduit d'air dans ledit conditionnement suite a sa 
fermeture hermetique. 

3. Methode selon la revendication 1 suivant taquelle 
ledit conditionnement est purge avec un faisceau 
de gaz avant d'effectuer la fermeture de maniere a 
assurer une atmosphere modifiee dans ledit condi- 
tionnement lorsque ledit conditionnement a I'objet 
d'une fermeture hermetique. 

4. M6thode selon la revendication 3 suivant laquelle 
ledit conditionnement est purge avec un faisceau 
de dioxyde de carbone avant la fermeture de 
maniere a y assurer une atmosphere d rtt la teneur 



en dioxyde de carbone est superieure a la teneur 
de I'air en dioxyde de carbon . 

5. Methode selon de conditionnement de la viande ou 
5 d'autres produrts alimentaires en environnement 

riche en dioxyde de carbone et pauvre en oxygene 
comportant: 

la formation d'un conditionnement prevoyant 

w un endos exterieur de materiau barriere au 

gaz et un element interieur de materiau per- 
meable au gaz separant I'enclos exterieur en 
deux volumes interieurs, 
la mise d'un produit alimentaire dans Tun des- 

is dits volumes dans I'enclos exterieur, 

la mise cfun materiau generateur de dioxyde 
de carbone et d'un materiau eliminateur d'oxy- 
gene dans ('autre desdits volumes interieurs 
dans ledit enclos exterieur de facon telle que 

20 ledit element permeable au gaz se trouve entre 

le produit alimentaire et ledit materiau genera- 
teur de dioxyde de carbone et ledit materiau 
eliminateur d'oxygene, et 
la fermeture hermetique dudit endos exterieur, 

25 le degagement dans le temps de dioxyde de 

carbone par le materiau generateur de dioxyde 
de carbone ind6pendammerrt de ('elimination 
de roxygdne et deux fois superieur au rapport 
molaire de ('oxygene eiimine par le materiau 

30 eliminateur d'oxygene. 

6. Methode selon la revendication 5 suivant laquelle le 
taux et le volume de dioxyde de carbone degage 
est predetermine et proportionnel a la masse de 

35 produit alimentaire dans ledit conditionnement 

7. Conditionnement alimentaire pour la viande ou 
d'autres produits alimentaires (15) comportant: 

40 un enclos ferme hermetique (13,17,18) en 

materiau formant barriere au gaz 
un produit alimentaire (15) retenu dans ledit 
enclos, et 

un materiau generateur de dioxyde de carbone 
45 et un materiau eliminateur d'oxygene (1. 7) 

egalement retenu dans ledit enclos, ledit mate- 
riau generateur de dioxyde' de carbone et le 
materiau eliminateur d'oxygene etant suscepti- 
bles dans le temps d'etiminer I'oxygene de 
so I'atmosphere dudit enclos pour y assurer un 

environnement faibte en oxygene et de d6ga- 
ger le dioxyde de carbone en volume indepen- 
dant de I'elimination de l'oxyg6ne caract6ris6 
en ce que le volume de dioxyde de carbone 
55 degage est deux fois superieur au rapport 

molaire de I'oxygene eiimine pour assurer un 
environnement riche en dioxyde de carbone 
dans (edit enclos. 
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8. Conditionnement alimentaire selon la revendication 
7 suivant laquelle les materiaux generateur de 
dioxyde de carbone et eliminates d'oxygene (1) 
sont retenus dans un paquet ou sachet permeable 
(2). 5 



carbone est en mesure d degager le dioxyde de 
carbone selon un taux et en volume suffisant a 
I'absorption du dioxyde de carbone par le produit 
alimentaire (15) et de maintenir la pression inte- 
rieure recherchee dans (edit enclos. 



9. Conditionnement alimentaire selon la revendication 
7 ou 8 contenant un element permeable au gaz (1 4) 
separant I edit enclos en deux volumes interieurs et 
dans lesquels le produit alimentaire est retenu dans 10 
l un desdits volumes et lesdits materiaux genera* 
teur de dioxyde de carbone et eliminates d'oxy- 
gene (1) sont retenus dans (autre desdits volumes. 

1 0. Conditionnement alimentaire selon la revendication is 
9 dont ledtt enclos comporte un sac en materiau 
formant barriere au gaz. 



17. Conditionnement alimentaire selon la revendication 
16 dont ledit materiau generateur de dioxyde de 
carbone est en mesure de degager un litre de 
dioxyde de carbone par kilogramme de produit ali- 
mentaire (15). 



1 1 . Conditionnement alimentaire selon la revendication 
9 ou 10 dont ledit element permeable au gaz com- 20 
porte un sac a fermeture hermetique (16) dans 
lequel le produit alimentaire (15) est retenu. 



12. Conditionnement alimentaire selon la revendication 

9 dont ledit enclos comporte un plateau (1 3) ayant 2s 
un fond et des cOtes deftnissant un vide interieur 
ouvert en partie superieure avec un element de fer- 
meture (16, 17) en travers du niveau superieur 
dudrt plateau et ferme hermetique sur ledit plateau, 
et dont ('element permeable au gaz est une couche 30 
de feuillard (14) situee sous et generalement coex- 
tensive avec ledit element de fermeture (18). 

13. Conditionnement alimentaire selon les revendica- 
tions 7, 8 ou 9 dont ledit enclos comporte un pla- 35 
teau (13) ayant un niveau superieur ouvert et des 
parois inferieure et laterales definissant un vide 
interieur, et une couche de feuillard formant bar- 
riere au gaz (17, 18) fermant le niveau superieur 
ouvert dudit plateau 40 



14. Conditionnement alimentaire selon la revendication 
9 ou les revendications 9 et 13 dont ledit element 
permeable au gaz comporte une couche de 
feuillard (14) generalement en coextensive avec 45 
ladite couche de feuillard formant barriere au gaz 
(17) mats situee espacee. 

15. Conditionnement alimentaire selon Tune ou I'autre 
des revendications 7 a 1 4 dont ledit materiau gene- so 
rateur de dioxyde de carbone est en mesure de 
degager le dioxyde de carbone selon un taux et un 
volume en proportion predeterminee par rapport a 

la masse de produit alimentaire (15) dans ledit 
enclos. 55 

16. Conditionnement alimentaire selon la revendication 
15 dont ledit materiau generateur de dioxyde de 
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Verfrilireu sur Erteilung oder Konservieruriir einer :-aturlichen 
Farbung von Nahrungsmitteln 



Die Er-x'indung betrifft ein' Verfahren, mit dem Nahrungsmitteln 
wie beispielsv/eise Fleisch, Fleischprodukten, Blut, Fisch u. 
dgl. eine natiirliche Farbung gegeben v/ird oder die natiirliche 
Verfiirburg konserviert v/ird. Die beharidelten Nrhrungsmittel 
lconnen dabei in frischem Zustand, ggf. nach einer Kiihiung ver- 
zehrt werdeii, sie lconnen auch eingefroren oder getrocknet v;er- 
den oder zur Herstellung von Konserven oder Halbkonserven be- 
nutzt verden. 

Die bislang bekannten Verfahren dieser Art bestehen darin, 
die Nahrungsmittel, insbesondere Fleisch und Fleischprodukte , 
niit einer fliissigen Losung von Sulfites oder Nitriten zu be- 
hrndeln. Nachteilig ist bei den vorbekannten Verfahren, daQ 
zur Erzielung eines gut en Ergebnisses die Konzentration der 
Sulfite oder Nitrite in der Losung relativ hoch sein mu3. 
Es besteht damit die G- fahr, dofi freie Sulfite oder K"itrite 
in dem Fleiscli oder dem Fleischprodukt verbleiben und dann 
beim spateren Verzehr einen schadlichen Einflufl auf den 
merischlichen Orgaiiismus ausiiben. Dariiber hinaus erfordem 
die bislang bekannten Verfahren eine groBe Verf aJirensdauer. 

Der vorliegenden Erfindmig liegt die Aufgabe zugrunde, unter 
Bcseitigung der vorstehend genannten r ^l.teile ein Verfahren 
zu schaffen, das sich einfach und schnell durchfiihren lafit, 
gure Ergebnisse briii^t und eine Schadigung des menschlichen 
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Organisiuusses ausschlieBt. Die erf indungsgema^e Losung besteLt 
im wesentlichen darin, daG die fTahrungsmittel mit einem G--s" '■ 
behar.delt v.erde:., das Kohle::o:cyd e.rthalt- * 

GenaG einer vorteilhaf ten JjjsfiLhrungsf orm der Zi f.ir.dunc '.:er- 
cen die rTaiirur.gsiiiittel nit einem Or s behandel", das eir_ Re- 
cuktio sgas enthrllt, d?s ?us der vo:. Echv/ef elciureerihydrid , 
Upsserstoi'f und Sticks to ifo:-. yd gsbildeten Gruppe ~usgev:ahlt 
vrird. 

Gemaf? einer *.;eiterer: vorteilnrfte:. :Vusfiihru..gs ;cm der Zr- 
findung v/ira eir_ G~s verv/er.;;et , das ein neutral es Gas er;t- 
halt. 

Gemaii einer Lesor.ders vorteilh* f ce.. .-.usfur.ru.^c^'orr. der Ei- 
findung vird die B l^ridlung der I.'r ^ru:* gsruit rel r.it scir. vorre- 
nrnriten Grs vor[.'e';.3.j:::en, xichctr:. zuvcr ciie I.'rhi u:.gs:..i t*. el 
einer Vakuumbelir.-dlung unterzogen :.urder_. 

Das erf indunssse:na3e Veri'al-ren ist ei:.i r, ch u^.d willif: durcLzu- 
fiihren, es zeitigt gute Zrgebr:isse t ber.otigt keir.e ubemaMir 
laiige Zeit und vor cllen Dina-er. sir.d die'so ber.--. :idelt*- :>h- 
rungszaittel oh.:e jeder. sch.adlich.en Zinflui~ fiir^e.; ne« schli- 
chen Organisnus. 

Besonderheiten der Erfindur.g ergebe:. sich -us der r_ a c h i' o 1 ^ e nd e r_ 
Beschreibung einer Ausfiihrungsf on der Eriir-iunr. 

Das erf indungsgema^e Ysrfahren besteht im reser.tl idler, carin, 
auf 17: -jarungsmittel , i::sbesor_dere rleisch uzid Fleisshprocukt-e , 
fur eine ausreichend lange Zeitdauer ein Gs s einv/irken zu las- 
sen, das Kohler.oriyd enthalt. 

Das Kohleho::yd kar_r_ in reinem Zustsnd oder als Gemisch mit'Re- 

duktionsg'asen v;ie beispielsveise Schvref elsaureannydrid , ^asser- 

stoff , Stickstofxoz-zyd, und/oder sit neutral en G^sen, vie bei- 

spiel3 T ./eise Suickstoff und Ilohlensaureenhydrid eingesetzt v, : er- 

den. Diese neutral en- Gas e kdnnen eingesetzt werden,- un die Ge- 

fahr einer Gasentzundung herabzusetzeii, oder uil ihre, neutralen 

Eigenschaf cen euszunutzen. Als Quelle fur. d^s 7'nulenoxyd v/ird 

vorzugsv/eise Leuchtgas benutz u , das eine ausreichende Xonzen- . 

tration an. Kohlenoxyd aufweist. - ' ^ 
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Das erf indungsgemalie Verfahren s^iitzt sich zum Teil auf die die 
Farbung begimstigenden Eigenschaf ten der genarmteii Gase, zum 
Teil auf die bakteriziden Eigenschaf ten der Gose, zur Haupt- 
sache jedoch auf die Eigenschaf t des gasf ormigen Kohl enoxydes , 
eir.e kor_plc:-:e Verbindung mit dem Bestar.dteil Han des Hanoglo- 
bins oder des Myoglobins einzugehen. Es bilden sich somit Ver- 
bi::dunge:., deren Eigenscha 1. ter. in: Hinblick auf die Farbung des 
Produktes sehr wesentlich sind , unter arideren, wcil die Farbe 
dieser Verbindungen sich stark der Firbe der Vtrbindungen an- 
nafcert, die den Fleisch, den: Fisch uj:g so weiter die naturliche 
Farbe geben. Die auf diese Weise erreichte Farbung ist deswei- 
teren sehr viel stabiler als die naturliche Farbung und ver- 
bleibt sehr viel besser in dem Frodukt bei dessen Konservierung 
ur.d veiteren Behandlung. So ist beispielsweise die Affinitat 
des Eohlenoxydes fiir die Hame ; 00 mal grofier als die des Sauer- 
stoffes. 

Um eine in die Tiefe gehende Behandlung mit Kohlend^d oder dem 
gasformigen Kohlenoxydgemisch zu gewahrleisten, und um eine 
solche Tief enbehandlung schnell durchfuhren zu konnen, unter- 
v;irft iar. die Nahrungsmittel zuvor einer Vakuumbehandlung, 
nsch der dann das Gas oder Gasgemisch auf der Basis Kohlen- 
oxyd in Beiiihrung mit den Nahrungsmitteln gebracht wird. Die 
Lange des Kontcitzeitraumes richtet sich dabei nach der Art 
und der Be arbeitungsv:eise der Nahrungsmittel, V.'erden die Nah- 
rungsmittel dann an die noramale Atmosphare zuriickgebracht , 
entv4»lchen samtliche freien Gase in die Atmosphare, so daB 
die erf indungsgemaBe Behandlung keinerlei merkbare Spuren 
hinterliiBt. 

Das erf indungsgemaBe Verfahren hat somit beziiglich den bisla^ng 
bekannten ITaJJbehandlungsverf ahren den Vorteil, daB die uber- 
rchiissige:: Gase, die nicht wit dem Nahrungsmittel reagieren v 
•utomatisch durch Ausliiftung aus den letzteren entfernt verden. 

weiterer Vorteil des Verfahrens besteht darin, daB es wah- 
rend der sonstiger. Zubereitung und Konservierung der Nahrungs- 
*. itel durchcefuhrt v;erderi kann. 
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Es versteht sich, dsE in Rahinen des Erlindungsgedankens zahl 
reiche Abanderurcen der oben beschriebenen korJcreten Ausfiih- 
rungsform des Verfahrens moglich sincl. 
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Patentanspriiche 

1. Verfahren zur Erteiluns oder Konservierung einer natiir- 
lichen Farbung von Nehrungsmitteln, \/ie beispielsweise 
Fleisch, Fleischprodukten, Blut, Fisch u. dgl , , dadurch 
gekennzeichnet;, daB die ITahrungsinittel mit eir.eni Gas be- 
handelt werden, das Kohlenoxyd enthalt. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet , daB 
die Nahrungsmittel mit. einem Gas • behandelt werden, das 
auch ein Reduktionsgas enthalt, das aus der Gruppe Schwe- 

f elsiiureanhydrid, Wasserstoff und Stickstof f oxyd ausgewahlt 
wird. 

Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, 
daB ein Gas benutzt wird, das auch ein neutrales Gas enthalt. 

4. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dafi 
ein neutrales Gas verwendet v/ird, das aus der Gruppe Stick- 
stoff und Kohlensaureanhydrid ausgewahlt wird. 

5. Verfahren nach einem oder mehreren der vorhergehenden An- 
spriiche, dadurch gekennzeichnet, daB vor der Gasbehandlung 
die Nahrungsmittel einer Vakuumbehandlung unterzogen werden. 

6. Verfahren nach einem oder mehreren der vorhergehenden An- 
spriiche, dadurch gekennzeichnet, daB Leuchtgas verwendet wird 

7« Nahrungsmittel, gekennzeichnet durch die Behandlung mit 
dem in einem oder mehreren der vorhergehenden Anspriiche erlau 
terten Verfahren. 
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Controlled & modified 
atmosphere packaging 

Methods for extending shelf life 
of a variety of food products 

FRAN LAB ELL. Eastern Edftor 



The International Conference on 
Controlled Atmosphere Packaging 
convened in Chicago this past Au- 
tumn, under the sponsorship of 
Schotland Business Research, Inc. 
Several speakers discussed the current 
benefits and predicted future impact of 
controlled and modified atmosphere 
packaging on various food industry 
segments — including meats, seafoods, 
baked goods, and fresh fruits and vege- 
tables. 

Baked goods 

Mold growth is a major factor in die 
shelf life of baked products, David 
Seiler, principal scientific officer, Flour 
Milling & Baking Research Associa- 
tion, Chorleywood, Herts., UK, told 
the group. Delaying mold growth per- 
mits a longer shelf hie and aids produc- 
tion economy. It also permits the baker 
to make higher-moisture products and 
to use fewer preservatives. To inhibit 
mold growth, a package can be purged 
with an inert gas such as nitrogen and 
maintained at a 98% nitrogen level. 
Carbon dioxide can be used for its 
intrinsic mold-preventing characteris- 
tics. A mixture of two gasses also can be 
used. 

It is crucial to find material which 
will retain carbon dioxide long enough 
to extend shelf life. Packaging material 
is less permeable to nitrogen than to 
carbon dioxide, so carbon dioxide is 
lost more quickly. Chilled products 
need less carbon dioxide than products 
at ambient temperatures. Form-fill- 
seal is a good packaging method for 
baked goods, because it makes pack- 
ages of various sizes using many mate- 



rials. However, it is important to get a 
tight seal, because there can be prob- 
lems with leakage where layers of film 
are sealed. To detect leaking packages, 
a carbon dioxide sniffer, which detects 
leaks in a pressurized atmosphere, can 
be used. A short heat treatment causes 
properly sealed packages to swell up, A 
pH indicator relates to carbon dioxide 
concentration. 

The correct gas or mixture of gasses 
and the right packaging equipment can 
prevent most molding of baked goods, 
said Andrew Benson, Sales Manager, 
Rose Forgrove, Inc., Elmhurst, IL. He 
cited examples of sliced bread with a 
shelf life up to 4 weeks; hamburger 
buns, hot dog rolls, and specialty 
breads with a shelf life up to 3 months; 
English muffins and cake, up to 6 
months; and cookies, over 6 months. 

The correct barrier will protect 
aroma, flavor, and moisture retention, 
but will have no effect on syneresis, 
Benson warned. The barrier proper- 

■ As a point of reference, Dr. Daniel 
Farkas, Chairman of the Food Science 
& Human Nutrition Dept, University of 
Delaware, defines the two terms: Con- 
trolled atmosphere—The addition at 
the time of package closure of a rea- 
gent (for example, an oxygen-absorb- 
ent scavenger) to actively control the 
gaseous environment surrounding a 
food which is respiring or changing 
chemically. Modified atmosphere— 
The insertion at the time of package 
closure of an inert gaseous environ- 
ment (for exampl t a nitrogen purge), 
so that shelf life will be extended by 
reducing the reactivity of the food 
contents. 



Three examples of thermotormed, controlled atmosphere packaging . . . 




Fresh, unfrozen French fries packaged in 
Holland 




Fresh torteUini pasta packed in a nitrogen/ 
carbon dioxide gas mix. Photos courtesy of 
Koch Supplies, Inc. 

ties of the wrapping materia) are cru- 
cial, as are the closure system and the 
ability of the packaging machine to 
purge oxygen from the package and 
replace it with the desired gasses. 
Seams on packages must be leak-proof, 
he stressed. Accurate time and tem- 
perature control must be used in form- 
ing the long seal. 

Fresh produce 

Controlled or modified atmosphere 
packaging treats a fresh fruit or vegeta- 
ble as a living system, taking into 
account its respiration. Dr. Steven 
Wolfe, Fresh Western Marketing, Sali- 
nas, CA, told the conference atten- 
dees. Atmosphere modification can 
help maintain quality and prolong 
shelf life, inhibit pathogens, and re- 
duce respiration rate, Dr. Wolfe said. 
He pointed out that most fresh pro- 
duce now spends 3-14 days in the 
distribution channel, most of it with- 
out controlled temperature or atmo- 
sphere. This leaves a minimal shelf life, 
once the product gets to market 

Controlled atmosphere packaging is 
superior to modified atmosphere pack- 
aging in extending shelf life, Wolfe 
said, but suggested that the small 
extension may not be worth the cost in 
many cases. 

Dr. Syed Rizvi, Associate Professor, 
Dept. of Food Science, Cornell Uni- 
versity, told the group that apples 



Pickfed herring packaged by a German 
processor 




stored under modified atmosphere 
conditions stay fresh up to 10 months in 
bulk — but, once they are out of stor- 
age, they have no protection. In coop- 
eration with Cryovac, he has experi- 
mented with modified atmosphere 
packaging of apples, and found that it is 
possible to extend their shelf life from 
one week to 4-6 weeks. 

Film permeability & 
package headspace 

Dr. Rizvi finds that film of the proper 
permeability and minimum headspace 
help to accomplish this packaged apple 
shelf life extension. "One must in- 
crease carbon dioxide or decrease oxy- 
gen to slow down respiration according 
to the sensitivity of the commodity," 



Rizvi said. He recommends vacuum 
packaging or shrink wrapping the fruit 
to get a small headspace and to rapidly 
establish modified atmosphere. 

Dr. Rizvi has worked out a mathe- 
matical model of the modified atmo- 
sphere system to help determine the 
necessary permeability of the film. It 
takes into account permeation of gas, 
surface area of fruit, headspace, rate of 
respiration, and temperature distribu- 
tion. Rizvi suggests that, if the quality 
retention needs of the fruit are calcu- 
lated, it is possible to design a film of 
the right permeability. 

He compared apples which were 
freshly harvested, those held in cold 
storage for 4 months, and others vac- 
uum packaged with 3-4cc headspace 
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and held for 4 months at 3 different 
temperatures and relative humidities. 
He found less weight loss and greater 
shelf life with the film-wrapped ap- 
ples. In consumer tests in the Syracuse 
area, respondents said that the film- 
wrapped apples looked and tasted 
fresher and had a more attractive ap- 
pearance than no n -packaged ones. 
Negative comments were that the 
packages were difficult to open and 
that the apples had a slight "plastic 
taste." 

Roger Rij, Agricultural Marketing 
Specialist, US DA, Fresno, CA, told 
the group that of the $7.7 billion worth 
of fresh produce grown in the United 
States each year, about 12% is lost 
during distribution — as a result of 
fungus, mechanical injury, and physio- 
logical problems such as decay. Hold- 
ing produce at the optimum tempera- 
ture is the most important factor in 
reducing loss, but this is difficult in our 
long, complex marketing system, he 
said. Modified atmosphere packaging 
could reduce loss because it changes 
the metabolism of the produce and 
inhibits ripening and pathological 
breakdown, according to Rij. 

He reported on experiments he con- 
ducted with modified atmosphere 
packaging of broccoli. Two PVC films 
with different carbon dioxide transmis- 
sion rates were used to overwrap broc- 
coli in trays. Unwrapped broccoli and 
wrapped broccoli were held at 7.5 C 
and 5 C, the optimum temperature for 
broccoli, for 3 weeks. The carbon 
dioxide levels inside the film wrapped 
packages differed little at the two dif- 
ferent temperatures. Researchers 
checked for color, compactness, decay, 
odor, and flavor before and after cook- 
ing, general appearance, and weight 
loss. The control had significantly 
more weight loss than the wrapped 
broccoli. It also showed more effects of 
ripening, and even decay. The results 
were significantly better with both 
films. Both films gave slightly better 
results at 5 degrees than at 7.5 degrees. 
The packaging must be designed for 
the commodity, Mr. Rij stressed. It is 
important to look at the mechanisms of 
the produce and the packaging mate- 
rial. 

Low-density blown polyethylene 
film can be used in modified atmo- 
sphere packaging as an inexpensive, 
but effective material, according to 
Richard Pumala of Shields Bag & 




Printing Co., Yakima, WA. He gave 
several examples of how polyethylene 
material in combination with high car- 
bon dioxide atmosphere can extend 
the shelf life of some fruits. Kiwi fruit, 
grown in California, is a soft fruit which 
cannot be stored in bulk, and it pro- 
duces ethylene gas as it ripens. Using a 
polyethylene liner in kiwi shipping 
containers with a high carbon dioxide 
atmosphere helps prevent ethylene 
production and contributes to a 6- 
month shelf life. 

Cherries harvested in the Pacific 
Northwest have a short, hectic market- 
ing season. Sixty percent of the crop is 
shipped in two weeks. Ripening can be 
retarded and moisture loss reduced, if 
cherries are cooled soon after picking 
and placed in LDPE-lined cartons 
vented at the bottom to allow moisture 
to escape. Large, crisp fruit are the 
best candidates for this treatment. In 
this case, modified atmosphere pack- 
aging can help extend the marketing 
period, Mr. Pumala said. 



Meats, seafoods, salads 

Fresh foods such as salads, fresh and 
processed meats, poultry and fish, 
pasta, sandwiches, and snacks also can 
be given an extended shelf life with 
controlled atmosphere packaging. At 
an earlier Schotland-sponsored con- 
ference, Lawrence D. Starr, President 
of Koch Supplies, Inc., described how 
packages are produced on automatic 
web-fed thermoforming machinery, 
gas-flushed, and hermetically sealed. 
In most cases, the objective is to 
remove the oxygen from the package to 
prevent oxidizing of flavors and growth 
of yeasts, mold, and bacteria. The 
oxygen is replaced with nitrogen, 
which provides a counter pressure 
against the physical effects of a vac- 
uum, or with carbon dioxide which is 



"Freshness and absence 
of extraneous processing 
are attributes long desired 
and now possible" 

Lawrence Starr 
President, Koch Supplies, Inc. 

used for its properties as an inhibitor of 
the growth of microorganisms. With 
fresh meats, fish, and poultry, some 
oxygen is used in the gas mix to 
preserve fresh product appearance and 
to slow the growth of certain bacteria. 

A very interesting example of the 
shelf-life-extending capabilities of con- 
trolled atmosphere packaging is dem- 
onstrated in fresh pasta. Said Mr. Starr, 
"Fresh pasta is ... we believe, on the 
threshold of significant growth in the 
United States. If you have never pre- 
pared or eaten fresh pasta, you are in 
for a treat This type of pasta cooks in 
only half a minute to a minute and a 
half, contrasting with a 10-15 minute 
cook, depending on thickness, for the 
more familiar dried pasta. 

"Shelf life for unpackaged fresh 
pasta, refrigerated, is normally 2-3 
days. Using nitrogen or mixes of nitro- 
gen and carbon dioxide, shelf lives of 
3-4 weeks are possible.** 

In concluding, Mr. Starr said that 
controlled gas atmosphere packaging 
"meets a need for foods with character- 
istics superior to frozen or canned. It 
offers fresh foods with extended shelf 
life, and greater convenience and ap- 
peal. Freshness and absence of extra- 
neous processing are attributes long 
desired and now possible." end 

Additional information about con- 
trolled atmosphere packaging equip- 
ment may be obtaned from Koch Sup- 
plies Inc., 1411 W 29th St., Kansas 
City, MO 64108. 

Clrcto 573 oppoatti test page. 

. . . and from Rose Forgrove lnc. t 539 
W. Wrightwood Ave., Elmhurst, IL 
60126. 

Clrcto 874 oppo aH a last paga. 

Copies cf the entire CAP '84 Con- 
ference procedings are available for 
purchase. Price and ordering informa- 
tion may be obtained from Schotland 
Business Research, Inc. , P.O. Box 511, 
Princeton, NJ 08542. 

Clrcto STB opposite last papa. 
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O. A. LEDWARD 

CSIRO Meat Research Laboratory, P.O. Box 12, Cannon Hill, Queensland, 4X70 



Metmyoglobin Formation in Beef Stored in Carbon Dioxide 

Enriched and Oxygen Depleted Atmospheres 



SUMMARY — A spectroreflectometric technique was used to determine the re'.ative 
percentages of three myoglobin pigments, reduced myoglobin, oxymyogiobin and met- 
myoglobin at the surface of fresh beet It was shown that, at constant humidity, the 
formation of metmyoglobin in beef was maximal at 6 ± 3 mm Hg of oxygen at 0°C 
and 7.5 ± 3 mm Hg at 7 9 C for semltendinosus muscles. Carbon dioxide concentra- 
tions of 10% and higher had negligible effect on the formation of metmyoglobin, pro- 
dded the oxygen pressure was above about 5%. At high partial pressures of carbon 
dioxide, absorption of carbon dioxide increased and the pH of the surface decreased. In 
air, the formation of metmyoglobin varied widely from muscle to muscle. 
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INTRODUCTION 

FOR TENDERIZING fresh beef by 
aging, it is necessary to hold the meat at 
temperatures above the freezing point for 
several days. Maximal tenderization is 
obtained at 0 to 2°C in about 14 days, 
shorter times being adequate at higher 
temperatures (Kuprianoff, 1 964) . At 
these temperatures bacterial spoilage is 
dependent on the initial population den- 
sity. Extending storage life by using low 
relative humidities (Scott, 1936) leads to 
marked weight loss and discoloration. 
Haines (1933) and Scott (1938) ex- 
, tended the life of fresh meat by storage in 
selected atmospheres, low in oxygen 
and/ or enriched with carbon dioxide. The 
present work was undertaken to deter- 
mine if any undesirable color changes oc- 
curred in beef muscle stored at low oxy- 
gen and/ or high carbon dioxide partial 
pressures, at a high relative humidity. 

Any undesirable color changes will at- 
tain increased significance as the size of 
the joint decreases, thus if half or quarter 
carcasses are aged any surface discolora- 
tion will be relatively unimportant after 
butchering for retail consumption. Limi- 
tations on storage space often make this 
1 method of aging uneconomical and there 
is an increasing tendency to age in bone- 
less, retail size cuts. Under these condi- 
tions surface discolorations are of major 
importance. 

In sterile meat, of normal water con- 
tent, the color is due mainly to the heme 
: proteins myoglobin and hemoglobin. At 
a high relative humidity (99.3%), any 
discoloration of sterile, post-rigor meat is 
due to the oxidation of these pigments to 
the brown metmyoglobin and methemo- 
globin. (Myoglobin is the major colored 
protein in fresh beef and the color changes 
of myoglobin and hemoglobin are, to a 
first approximation, the same. Conse- 
quently the pigment states are generally 



analyzed in terms of myoglobin deriva- 
tives.) 

Little objective work has been per- 
formed on the effect of carbon dioxide 
on color of fresh meat. Brooks M933) 
found that up to 20% carbon dioxide (in 
air) had negligible effect on the oxidation 
of heme pigments in meat although 30% 
led to a slightly increased rate of oxida- 
tion, which he attributed to the reduced 
oxygen partial pressure. Brooks (1931, 
1935) working with ox-blood (hemoglo- 
bin), and George et al. (1952a. 1952b) 
using pure horse heart myoglobin, found 
the rate of oxidation to be very depend- 
ent on the partial pressure of oxygen in 
the system. The rate was maximal at low 
partial pressure. 

In meat the situation is more complex 
because (a) the oxidation is quasi- revers- 
ible as the enzymatic reduction of metmy- 
oglobin to one of the reduced forms can 
occur (Stewart et al., 1965b), and (b) it 
is extremely difficult to determine, ac- 
curately and non-destructively, the pig- 
ment states at the meat surface. In the 
analysis of the pigment states in meat, 
extraction procedures are cumbersome; 
they destroy the sample analyzed and 
possibly cause changes in the relative pro- 
portions of the three pigments. For these 
reasons a spectroreflectometric method of 
analysis was preferred. 

The three myoglobin pigments, both in 
meat and in solution, have an isosbestic 
point at 525 nm (Stewart et a!., 1965b). 
Stewart et al. (1965a) estimated the per- 
centage metmyoglobin at the surface of 
minced meat samples from the ratio of 
K/S values at 572 nm (an isosbestic 
point for reduced myoglobin and oxy- 
myogiobin) to that at 525 nm. K/S is 
defined as 

(1 -Roo)2 (Kubelka et al.. 1931 ) 
2R°c 

where R» is the reflectivity of an opaque 



sample of such a thickness that there is 
no further change in reflectivity when the 
thickness is increased further. 

This technique corrects for any differ- 
ence in the total concentration of myo- 
globin pigments in the sample, but does 
not adequately allow for differences in 
the scattering (S) and absorption (K) 
coefficients of the meat matrix itself. 
Either one or both these coefficients will 
vary with pH, fat content, surface geom- 
etry and water content of the sample, as 
well as with the incident wavelength. The 
effects are such that the ratios of K/S at 
572 nm to K/S at 525 nm are unlikely 
to be constant for "pigment free meat." 

Snyder (1965) attempted to overcome 
the problem by adjusting all his spectral 
curves to a common reflectance (in ab- 
sorbance units) of R A = 10 at 525 nm, 
and estimating the metmyoglobin content 
by the reflectance at 572 nm. Unfortu- 
nately his plot of R A at 572 nm against 
percent metmyoglobin, for known mix- 
tures of oxymyogiobin and metmyoglobin 
in an aqueous suspension of dried milk 
was not linear. 

Using these data Snyder et al. (1967) 
found rhat when K/S at 572 nm was 
plotted against metmyoglobin concentra- 
tion the predicted linear relationship was 
obtained. They also found, for 18 beef 
rounds of known pigment state, that de- 
terminations of surface metmyoglobin 
concentration from the ratio of K/S 
values at 572 and 525 nm and from the 
K/S value at 572 nm after adjustment of 
R A at 525 nm to 1.0 were equally ac- 
curate although, conceptually, they con- 
sidered the ratio method to be preferable. 

EXPERIMENTAL 



Preparation of sterile samples 

Discs of 14 mm radius and 15 ±. 1 mm 
thickness were cut under aseptic conditions 
from a semitendinosus muscle which had 
been removed from the carcass directly after 
slaughter. Muscle was extensively flamed 
and aged for 2 days at 0°C in a closed, ster- 
ile container. These discs were used in the 
storage experiments. In initial experiments 
heme pigments in some of these discs were 
converted to 100 or 0% metmyoglobin by 
the action of ferricyanide (1%) and dithio- 
nite (20%) respectively. Other discs were 
minced and adjusted to various pH values 
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in the range 5.3 to 6.8 with M HC1 and M 
NaOH before the pigments were converted 
to 100 or 0% metmyoglobin. 

Gaseous atmospheres 

A continuous flow of air or nitrogen 
(both containing 10% carbon dioxide), 
maintained at a relative humidity of 99.3% 
by bubbling through towers containing 
0.2Af sodium chloride solution, was passed 
through the container holding the samples. 
The whole system was sterilized before use. 
Microbial contaminants in incoming gases 
were removed by passing the gases through 
cotton wool plugs. Each system was stored 
in a room kept at the appropriate tempera- 
ture (0 or 7°C). Air controls were stored 
under similar conditions. At least 9 samples 
were stored in each container. 

In some experiments meat slices of radius 
38 mm were stored in closed, sterile, plastic 
containers leaving a headspace of 18 ± 1 
cc. Headspace samples were removed 
through sub-a-seals. A flushing arrangement 
through the seal allowed the gas composi- 
tion in the headspace to be adjusted at will. 

Spectral analysis, gas analysis and pH 

The reflectance spectra of the meat sam- 
ples were recorded against a magnesium ox- 
ide standard on a Hitachi Perkin-Elmer 
Spectrophotometer, Model 139, with reflect- 
ance attachment. The range scanned was 
380 to 770 am. After storage all samples 
were exposed to air (R.H. 99.3%) for 2- 
3 hr, at the storage temperature, so that any 
reduced myoglobin at the surface was oxy- 
genated while avoiding any detectable change 
in the surface concentration of metmyoglo- 
bin. Spectra of the exposed meat surfaces 
were then recorded at 8 ± 1° C. Samples 
were contained in stainless steel cups of ap- 
propriate dimensions. 

Gas analyses were performed at regular 
intervals using a 25V Fisher Gas Partitioner 
calibrated with purified gases. One tenth 
ml samples of gas, extracted with SGE gas 
tight syringes, were used. Average equilib- 
rium concentrations are reported. 

Surface pH was measured with a sur- 
face electrode and Radiometer Model TTT 
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IC Titrator and pH meter. 

Heme pigment concentration was mea- 
sured according to the method of Hornsey 
(1956). 



RESULTS & DISCUSSION 

Determination of metmyoglobin at the 
surface 

In preliminary experiments, minced 
semitcndinosus samples, of known pig- 
ment state and different pH values were 
analyzed. In these the ratio of K/S at 572 
nm to K/S at 525 nm, for 100% and 0% 
metmyoglobin varied and there was 
slightly better consistency in the K/S 
values at 572 nm when R A at 525 nm 
was adjusted to 1.0 absorbancy units. Re- 
sults obtained with several intact semi- 
tendinosus samples of known pigment 
state were consistent with those obtained 
on minced samples. 

For 18 samples the K/S values at 
572 nm, after adjustment of R A to 1.0 at 
525 nm, were respectively 2.41 ± 0.19 
(range 2.15-2.62) and 6.05 ± 0.18 
(range 5.80-6.30) for 100% and 0% 
metmyoglobin. Assuming the linear rela- 
tionship between the adjusted K/S value 
at 572 nm and the percentage metmyo- 
globin. it was possible to calculate met- 
myoglobin as a percentage of the total 
surface pigments to within ±5%. The 
ratio of K/S at 572 nm to K/S at 525 
nm yielded values of 1.450 ± 0.061 and 
0.615 ±: 0.050 respectively for 100% 
and 0% metmyoglobin, enabling the met- 
myoglobin at the surface to be calculated 
to within 6 or 7% . 

As errors, determined by standard de- 
viations, were greater using the ratio 
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method the adjustment technique w 
used in the present study. The values d 
tained were independent of the area t 
illumination, whether the surface p. 
sented to the integrating sphere was & 
convex or concave. 

Differences in spectra due to variatia 
in total pigment concentrations are & 
eliminated by this technique, but calcuL 
tions showed that differences by a fact, 
of 2 in total concentration should lead: 
errors within the range of those found « 
perimentally. Pigment concentratia 
were always within the range 4.6-6.9 n 
per g of wet tissue for the different mi 
cles studied. 

Another error can arise from the fa. 
that intramuscular fat has a characterisi 
spectrum. Thus it is unlikely that musclt 
with different fat contents can be cor 
pared by this technique, as the "pigmen 
free" meats will not yield the approi 
mately parallel reflectance curves (i 
absorbancy units) that are necessary fr 
this method to be valid. All the specti 
determined, on meat of known pigma 
state, were found to be stipe rim posaM 
to at least ±4% of R x in the range 47( 
650 nm, and so it would appear that var 
ations in the fat contents of the lean mih 
cles studied were not of major important 

In meat, oxymyoglobin and metmyt 
glob in have an isosbestic point at 474 n: 
(Stewart et ah, 1965b) and all the abo» 
arguments were found to be valid, er 
abling the percent reduced myoglobin i 
the surface to be determined. The at 
justed K/S values at 474 nm were 2.0 
± 0.09 (range 1.90-2.12) and 3.88: 
0.10 (range 3.70-4.05) for 100% an 
0% of the reduced pigment respectivel; 
This enables percent of reduced myc 
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Fig. 1 — The effect of 12.0 ± 0.5% COi on the formation of 
metmyog/obin (Mb*) at 0°C and 7°C, on a sterile muscle (pH 
5.58) at a relative humidity of 99.3%. 



Pig. 2 — The formation of Mb* at 7°C, on sterile muscles t' Fig. 3— 
various atmospheres at a relative humidity of 99.3%. Sampli^ gen and I 
was discontinued when unavoidable contamination occurred. storage fo 
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globin to be determined to an accuracy of 
about 5%. 

Effect of storage on formation of 
metmyoglobin 

Figure 1 shows the change in surface 
metmyoglobin concentration as a func- 
tion of time for samples from the same 
muscle (pH 5.58) stored in air or 12% 
CO,/ air at 0 or 7°C and a R.H. of 99.3% . 
Figure 2 is a similar plot for samples of 
two muscles (pH 5.80 and 5.74) stored 
in the atmospheres indicated, at 7°C. At 
(PC metmyoglobin formation in these 
samples was also greater at the lower 
oxygen partial pressures. 

From Figure 1 it is seen that the pres- 
ence of 12% carbon dioxide had negli- 
gible effect upon the formation of met- 
myoglobin. This was in accord with the 
observation of Brooks (1933). The in- 
creased oxidation found at the lower 
oxygen partial pressures (Fig. 2) was in 
general agreement with data obtained by 
Brooks (1935) and George et al. (1952b) 
with aqueous hemoglobin and myoglobin 
solutions. 

Figures 1 and 2 both indicate that con- 
centration of metmyoglobin was virtually 
constant after storage for 5 days. 

When the freshly cut meat slices were 
sealed in the containers, concentration of 
carbon dioxide rose to between 10% and 
15% while concentration of oxygen fell. 
Equilibrium was established within 48 hr. 
To ensure equilibrium, samples were 
stored for 12 ± 2 days, actual storage 
time governed by practical expediency. In 
a few instances pressure in the container 
was reduced by removing a measured vol- 
ume of gas. In one experiment, muscle 
was sliced and packed in a nitrogen at- 
mosphere so that the final atmosphere 
consisted solely of nitrogen and carbon 
dioxide. 

The relationships between metmyoglo- 
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Table 1— "Equilibrium" concentration of 
metmyoglobin for different muscles after 
storage in air for 12 ± 2 days. 



Surface 
pH of the 



"Equilibrium" percent Mb -1 
surface 



at the 



muscle 


7°C 


OC 


I. 5.58 


35 ± 4 


31 - 5 


2. 5.60 


22 ± 4 


18 = 4 


3. 5.60 




33 .5=5 


4. 5.70 


38 ± 5 


31.5-5 


5. 5.74 


20 ± 4 


22 =fc 4 


6. 5.80 


26=fc 4 


31.5 ± 5 


5.70 




38.5 ± 43 


5.72 




28 ~ 3» 


Av. 


28.2 =t 8 Av. 


26.3 = 6 



i Mb + - metmyoglobin. 

> Not measured — sample contaminated. 

1 Values not included in the average iis these 
muscles were not used in the experiments reported 
in Figures 3 and 4. 



bin concentration and partial pressure of 
oxygen, at 7 and 0°C, are summarized in 
Figures 3 and 4. All values are the means 
obtained for duplicate samples from the 
same slice. 

The lower equilibrium concentrations 
of surface metmyoglobin on samples 
stored in air, were independent of pH 
(Table 1). 

Brooks (1931) found that rate of oxi- 
dation of different samples of ox-blood, at 
25°C and constant pH and ionic strength, 
varied greatly. The present results on 
meat (Table 1 ) show similar differences 
in that the equilibrium concentrations of 
metmyoglobin vary for different samples, 
the variation not appearing to be a func- 
tion of pH. These differences may be ex- 
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plained by differences in rate of enzymatic 
reduction of metmyoglobin. Stewart et 
al. (1965b) have shown that the metmyo- 
globin reducing activity of different sam- 
ples of ground beef can vary consider- 
ably under identical storage conditions. 

The data reported by Stewart et al. 
(1965b) were obtained on metmyoglo- 
bin formed by ferricyanide oxidation and 
may not represent the true reduction of 
naturally formed metmyoglobin as fer- 
rocyanide forms a complex with ferric 
heme pigments, this complex catalyzing 
the enzymatic reduction (Hegesh et al., 
1967). 

Recently several studies on the enzy- 
matic reduction of ferric heme pigments 
have been reported and present evidence 
indicates that NADH plays a vital role 
(Hegesh et al., 1967), (Watts et al., 
1966). Therefore the differences may 
represent different "NADH ferrihe- 
moglobin and ferrimyoglobin reductase" 
activities in the muscle. No corrections 
have been applied to the experimentally 
determined metmyoglobin concentrations 
in Figures 3 and 4 to allow for the vari- 
ations found in the air controls. If, how- 
ever, corrections were made the funda- 
mental character of plots was unchanged. 

Figures 3 and 4 indicate that forma- 
tion of metmyoglobin was maximal at a 
partial pressure of oxygen of 7.5 ± 3 
mm Hg at 7 C C and 6 ± 3 mm Hg at 
0°C for the semitendinosus muscles stud- 
ied. George et al. (1952b) found, for 
pure myoglobin solutions, that rate of 
autoxidatton was maximal at about 1 
mm Hg of oxygen at 30°C and pH 5.69. 
Brooks . (1931 ) found rate to be maxi- 
mal at 20 mm Hg of oxygen for ox- 
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Fig. 3 — The relationship between the partial pressure of oxy- 
jen and Mb* formation at the surface of sterile muscles after 
storage for 12 ± 2 days at0°C. 
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Fig. 4 — The relationship between the partial pressure of oxygen 
and Mb* formation at the surface of sterile muscles after stor- 
age for 12 ±2 days at 7°C. 
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Table 2— Effect of CO s /air concentrations on the formation of metmyoglobin, during 14 
days storage, at 0°C. 



Table 3 — Effect of CO, pressure on ttv certain bac 

formation of metmyoglobin at 0°C. J - So g- cht 
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pCO» 


pOi 


pCOi 


pOi 




Cone. 


Pack 


inn. 


init 


final 


final 




no. 


mm Hg 


mm Hg 


mm Hg 


mm Hg 


ApH 1 


Mb + % 


1 


79 


106 


63 


86 


0.03 


26.0 


2 J 


167 


82 


46 


109 


0 


29.5 


3 


190 


84 


127 


84 


0.05 


32.0 


4 


273 


68 


167 


74 


0.06 


32.0 


5 


312 


61 


209 


68 


0.06 


31 .5 


6 


403 


53 


244 


64 


0.07 


31.0 


7 


471 


38 


283 


59 


0.08 


36.0 


8 


578 


30 


307 


50 


0.09 


40.0 


9 


669 


15 


384 


41 


007 


63.5 
(2.5 hr) 

52.0 
(24 hr) 


10 


730 


0 


535 


22 


0.12 


70.0 



pCOi 
mm Hg 



mm Hg 



ApH l 



"Eq. Cone." 
of Mb< 



(2.5 hr) 

51.0 
(24 hr) 



1 ApH was the increase in surface pH of the samples upon removal from storage; the pH returned to 
its original value within 2 hr. 
1 Pack 2 leaked slowly with time. 



blood (hemoglobin) at 25°C and pH 
5.69. 

If the ratio of myoglobin to hemoglo- 
bin varied to a marked degree between 
the muscles studied, a comparison of 
results would not be valid when expressed 
as a function of the oxygen partial pres- 
sure. It was considered unlikely that 
such variations occurred. At low oxygen 
partial pressures, rates of both the autox- 
idation and enzymatic reductions are 
increased (Watts et al., 1966). The pres- 
ent results show that increase in rate 
of oxidation, at 0 and 7°C, is greater 
than any increase in the enzymatic re- 
duction at the low oxygen pressures stud- 
ied (Figs. 3 and 4). 

This maximal formation of metmyo- 
globin occurs in all samples, independ- 
ent of external oxygen pressure, pro- 
vided this is above the critical value. 
However, with higher oxygen partial pres- 
sures the formation will occur below the 
surface, the depth at 0°C being about 5 
mm in air and varying as the square root 
of the external oxygen pressure (Brooks, 
1929). At the lower oxygen partial pres- 
sures the metmyoglobin layer will thus be 
nearer the surface until, at the critical 
partial pressure, it is at the surface. 

When transferred from the oxygen de- 
pleted atmospheres to air, samples with 
high metmyoglobin contents tended to be 
reduced with time. This reduction was 
always very slow, the maximum reduc- 
tion observed within 24 hr being from 72 
to 63% at 7°C with no measurable re- 
duction within this period at 0°C (less 
than 5% at 55% concentration). 

Effect of increased carbon 
dioxide concentrations 

Sterile samples were packed in sealed 
containers, in atmospheres of various 



carbon dioxide partial pressures at 0 C C. 
Before packing the samples were left in 
air for 3^4 hr at 0°C to allow most of 
the physically bound carbon dioxide to 
be released. The volume of meat was 25 
cc and the total volume 85 cc. In all cases 
the carbon dioxide concentrations fell 
due to absorption while the oxygen and 
nitrogen levels rose. Equilibrium was 
reached at 24-48 hr. The results are 
summarized in Table 2. 

The values given for the percent of 
metmyoglobin quoted for the two higher 
concentrations of carbon dioxide are the 
values obtained after exposure to air for 
2 hr. as reduction occurred over 24 hr 
(Table 2) . All other values are averages 
of 4 readings, 2 on each of 2 samples, at 
2.5 and 24 hr. These results indicate that 
at the higher carbon dioxide and lower 
oxygen partial pressures the formation 
of metmyoglobin increased, presumably 
due to the decreased oxygen pressures. 

The reduction of metmyoglobin found 
in packs 9 and 10 on exposure to air 
was greater than any reduction that oc- 
curred after storage in 10% carbon di- 
oxide/nitrogen mixtures. Although vari- 
ations between muscles are to be ex- 
pected the decrease in pH during storage 
in high carbon dioxide concentrations 
(Table 2) may also help to explain this, 
as autoxidation is accelerated at lower 
pH values (Brooks, 1931) while enzy- 
matic reduction is retarded (Stewart et 
al., 1965b). 

The initial nonequilibrium of the gas 
phase in these packs made interpretation 
of results difficult due to the interrelation 
between decreased pH and oxygen pres- 
sure. In further experiments at 0°C vari- 
ous equilibrium gas phases of carbon 
dioxide/ oxygen were used. The oxygen 
pressure was always above the level neces- 
sary to cause increased metmyoglobin 
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0.06 
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56 
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1 ApH is as per Table 2. 
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formation. Increasing the carbon dioxid 
pressure, at 0°C, had no effect on fonrn 
lion of metmyoglobin during 15 day 
storage even though the pH of the rner 
was markedly decreased (Table 3). 

No measurable change occurred it 
the surface concentrations of metmyoglo 
bin on re-exposure to air, at the rela- 
tively low concentrations of metmyoglo 
bin used in this experiment. 

In the first experiment, the meat ir 
higher carbon dioxide atmospheres dc 
veloped a greyish tinge, which maskec 
the natural "redness" of the meat. Thi 
may have been due to decreased pH d 
the meat causing some of the sarcoplav 
mic proteins to undergo post-rigor iso- 
electric precipitation. In the second ex- 
periment, even though the muscle was ot 
similar pH (5.72 and 5.70), the mea 
appeared "normal" at all the carbon 
oxide pressures studied. In subsequent ex- 
periments this **greying" phenomenon has 
been observed in samples stored for 14 
and 28 days in 60% carbon dioxide at- 
mospheres, but no explanation can be 
offered for its occurrence in only certain 
muscles. 

From the results described in the pres- 
ent paper it would appear that the storage 
of sterile beef in carbon dioxide enrichec 
atmospheres leads to no increased met- 
myoglobin formation, provided the oxy- 
gen partial pressure is maintained above 
a limiting value of about 5% . 
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Comparison of Carbonyl Compounds in Moldy 

and Non-moldy Cocoa Beans 



SUMMARY* — Carbonyl compounds in moldy and non-moldy cocoa beans were converted 
to dinitrophenylhydrazones and separated into monocarbonyl classes. Growth of mold 
was always accompanied by relatively large increases in carbonyl concentrations. In- 
creases in total monocarbonyl values ranged from 20 to 500% and averaged almost 
300% for the eight pairs of samples analyzed. Compared to non-moldy beans, moldy 
cocoa beans contained greater concentrations of methyl ketones, 2-enals and 2,4-dienats, 
but saturated aldehyde concentrations were quite often lower. TLC revealed the pres- 
ence of Cz, C u C«, Ct and several unidentified methyl ketones. Most of the ketones de- 
tected in moldy beans were also found in non-moldy beans but in lower concentrations. 
Qualitatively, the unsaturated aldehyde fractions varied considerably among samples. 
2-Perttenal and 2,4-pentadienal appeared as prominent TLC spots and other 2-enals and 
2,4-dienals were frequently observed in moldy beans. The only unsaturated aldehydes 
detected in non-moldy beans by TLC were 2-pentenal and 2,4-octad/ena/. 



INTRODUCTION 

CONDITIONS for mold attack in the 
tropics are favorable in damaged or im- 
properly dried cocoa beans. It would be 
expected that beans are normally highly 
infested with mold spores and with an in- 
crease in moisture these spores may ger- 
minate and cause undesirable changes to 
occur. 

Boyd, et al. (1965) in a study of the 
monocarbonyls of chocolate suggested 
that mold activity might have contributed 
significantly to the observed variation in 
methyl ketone content of cocoa beans. 
Unfortunately, these investigators did not 
have an opportunity to collect supporting 
data by analyzing moldy cocoa beans. It 
was envisioned that if Boyd's suggestion 
could be verified, a way might be opened 
for the development of an objective chem- 
ical procedure to replace the current sub- 
jective "cut test 1 * for determining mold 
infestation. At present the cut test involves 
cutting the cocoa bean longitudinally and 



visually observing for mold. 

The research reported in this paper con- 
cerns the differences in total carbonyls, 
total monocarbonyls and relatively con- 
centrations of the different monocarbonyl 
classes in moldy and non-moldy cocoa 
beans. The data collected were based on 
the methods of Schwartz, et aL (1963) 
as modified for chocolate products by 
Boyd, ct al. (1965). The techniques in- 
volved the conversion of carbonyls to 
2,4-dinitrophenylhydrazones (DNP-hy- 
drazones) followed by separation into the 
following classes: methyl ketones, sat- 
urated aldehydes, 2-enals and 2,4-dienals. 
Thin layer chromatography procedures of 
Schwartz, et al. (1968) were used to 
identify and assess the complexity of each 
class of monocarbonyls. 

EXPERIMENTAL 

Samples 

Several samples of moldy cocoa beans, 
supplied by chocolate manufacturers, yielded 



unusually high carbonyl values. Since many 
variables affect carbonyl concentrations 
(Boyd, 1965), it was decided that the best 
experimental approach was to develop mold 
on beans under controlled laboratory condi- 
tions. This made possible comparison of 
carbonyl values before and after growth of 
mold, thereby minimizing the effect of many 
interfering variables. 

Aspergillus and PcmciUium were the two 
main types of mold isolated from cocoa 
beans and were used to inoculate non-moldy 
beans for control-molded samples. The As- 
pergillus and Penicillium spores were re- 
moved from moldy cocoa beans with sterile 
water and then inoculated onto cocoa beans 
using a sterile, platinum loop. The inocu- 
lated cocoa beans were placed in a 1 qt poly- 
ethylene container with a small mat of filter 
paper (1 in. x 1 in. X V* in.) saturated with 
sterile water to induce mold growth. The 
beans were stored at approximately 24 e C to 
facilitate mold growth and simulate tropical 
conditions. Cocoa beans from several of the 
major producing countries were included in 
the study. 

Moldy beans were also obtained directly 
from the tropics through the cooperation of 
the Turrialba Experiment Station, Costa 
Rica. A batch of fermented Matima beans 
had been split and one portion dried under 
normal conditions while the other half was 
purposely kept from drying for several days 
to allow mold to grow. These samples made 
it possible to determine the changes which 
take place as a result of mold growth during 
the fermenting and drying stages. 

Solvents 

All solvents were freshly distilled and 
rendered carbonyl free (Schwartz, et al, 
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Longer product shelf 
life using modified 
atmosphere packaging 



By Nancy J. Muller 




I HAVE BEEN asked to speak on 
controlled atmosphere packaging 
for extending the shelf life of 
meats. I'm actually going to narrow 
my remarks to cover where gas flush- 
ing fits in among the available alter- 
natives — both today and in the fu- 
ture. 

The focus is primarily on retail 
packaging and the direct implica- 
tions for wholesale or institutional 
applications and is on fresh red 
meats, tfnless specifically noted 
otherwise. 

First, I want to share with you the 
marketplace considerations and driv- 
ing forces behind the attention that 
this subject is receiving. How Ameri- 
can consumers relate to shelf life 
extension options is of key interest to 
us at Cryovac. The shopper is the one 
variable ultimately reponsible for the 
success or failure of a program. So 
my notes cover research largely of a 
marketing type. 

Let me first define some important 
terms. The terms "modified atmos- 
phere" and "controlled atmosphere" 
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should not be used interchangeably, 
even though they often are. Although 
packaging systems used in the future 
may, in fact, include controlled ele- 
ments, what we generally have avail- 
able to us today is modified atmos- 
phere packaging. The difference be- 
ween the two lies in the dynamic 
nature of the food package's interac- 
tion with both its contents and its 
outside environment. 

A control "system" must be added 
to the package for controlled atmo- 
sphere packaging. The "system" 
then can "sample" the gas, or atmos- 




Modified atmosphere packaging can make slice peel-off easier for packaged bacon. 



phere, around the food and deter- 
mine the optimum condition needed 
to ensure maximum food quality. 
Gases are then added or removed to 
maintain a desired balance. 

Fresh apples "suspended" in cold 
storage are an example of controlled 
conditions allowing changes in the 
respiring fruit to take place more 
slowly to preserve the fruit's fresh- 
ness over a longer period. In this 
case, the bulk bin is part of the 
"packaging" or storage vessel. Here, 
we have a "closed system," so to 
speak, because the container is vir- 
tually impermeable. Valves are acti- 
vated for sampling and adjusting the 
atmospheric conditions. 

Modified atmosphere packaging 
represents most of what we as con- 
sumers encounter on "living" 
foods — that is to say, beef or cheese 
which is aging naturally, or breads 
and sweets which will grow stale over 
time. Here, the packaging film has 
some degree of permeability. Modi- 
fied atmosphere packaging implies 
enclosing a product with some type of 
barrier and using a selected mix of 
gases such as nitrogen, oxygen, car- 
bon dioxide and water vapor. During 
storage, these gases are free to react 
with the product and any microbes 
on its surface to retard product dete- 
rioration. Shelf life is thereby ex- 
tended. 

But the atmosphere of the package 
is only modified from the atmospher- 
ic air we breathe, and it is constantly 
changing because spoilage bacteria 
on the red meat and mold on the bak- 
ery products are not completely dor- 
mant. The point is, we are not con- 
trolling anything. What we've modi- 
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fied remains in a state of flux. There- 
fore, even vacuum packaging fits 
within the broad definition of modi- 
fied atmosphere because the air 
around the product has been con- 
sciously altered. 

I don't want to give the impression 
that modified atmosphere packaging 
is the only element in extending shelf 
life of fresh meats. It does not negate 
the need for sound sanitation prac- 
tices and proper refrigeration. It will 
inhibit microbial growth but it won't 
kill microbes. It has been shown that 
even in the presence of C0 2 , bacterial 
growth will increase rapidly at in- 
creased temperatures. 

Meat to be packaged under modi- 
fied atmosphere conditions should 
have a low bacterial count at the time 
of packaging and be well chilled, and 
refrigeration needs to be maintained 
during shipping and storage. The 
most sophisticated packaging 
made — today or in the future — will 
not erase the sins of negligent han- 
dling procedures. 

Modified atmosphere packaging is 
not new despite the recently expand- 
ed interest in it. Basic research on 
fruits and vegetables dates back to 
the 1920s. In 1933, the first shipment 
of chilled beef under 10% C0 2 atmos- 
phere was transported from New 
Zealand to the United Kingdom. By 
1938, 26% of the beef from Australia 
and 60% of that from New Zealand 
was being shipped in refrigerated, 
gas-tight holds under a C0 2 -enriched 
atmosphere. No bacterial spoilage 
was evident after 40 to 50 days on 
quarters or sides transported in this 
manner. 

In Europe, Scandinavia and the 
U.K., its use is far more widespread 
today than in the U.S. 

In Scandinavia and Europe, 
breads, cookies, cakes and other 
sweet goods represent an increasing 
commercial application. It has been 
estimated that up to 25% of all sweet 
goods in the U.K. are now packed in 
elevated C0 2 packages. Up to four 
days of mold-free shelf life is being 
achieved. 

Bacon and luncheon meats are ex- 
amples of processed meat items being 
gas flushed for easier slice separa- 
tion. 

Salads are being gas flushed for 
freshness in France and the U.K. 

In France, poultry is being distrib- 
uted in modified atmosphere packag- 
ing for foodservice and institutional 
uses. 



Of course, Marks & Spencer, one 
of the largest retail chains in the 
U.K., has had a gas flushed ATM OS 
PAK type of package in its stores for 
all fresh meats since 1979. IRMA in 
Denmark offers a very similar pack- 
age. Both clear and white bottom 
trays are being used. 

Marks & Spencer has its packag- 
ing done by a carefully selected 
group of firms and quality control 
standards are rigidly enforced. 
IRMA, meanwhile, is a regional re- 
tailer with its own central prepackag- 
ing operations. IRMA stores are lo- 
cated within a 60-mile radius of the 
central facility, and delivery is typi- 
cally available twice daily. 

Here, in the U.S., tons of straw- 
berries are being shipped from Cali- 



fornia using the TecTrol process — 
the gas flushing of packaged pallets. 
Fresh pasta, as well, is traveling in 
modified atmosphere. The market- 
place is even witnessing chocolate 
chip cookies arriving in moisture- 
barrier flexible plastic pouches. 

What is prompting all of the ex- 
citement in this country — and even 
abroad? 

Certainly, as concentration in the 
supermarket and restaurant indus- 
tries continues, the need for extend- 
ing shelf life becomes more impor- 
tant. In the last five years, more than 
5,500 conventional stores have 
closed. The top 10 chains now control 
$73,100,000,000 of retail food sales. 
The supermarket has a new face, 
too — one of "boutiques" for cheese. 
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Modified atmosphere packaging of retail fresh meats can extend the color retention and shelf life of the products. 



meats, balced breads and even flow- 
ers. Accordingly, the industry is 
shifting its emphasis from in-house 
production to merchandising. And 
understandably, at least 80% of fresh 
meats are moving through some type 
of intermediate warehousing. Store- 
door delivery has become a luxury of 
the past. 

The restaurant industry illustrates 
a similar story. The nation's restau- 
rant food and drink sales represented 
by the top 10 chains today command 
over $100,000,000,000. The concen- 
tration is being seen not only in the 
purchasing and storage practices of 
the company-owned outlets but in 
that of the foodservice distributors 
themselves. In a recently completed 
Cryovac study on HRI meat buying 
practices, we learned that the aver- 
age meat inventory turnover for 
foodservice is over three weeks. Add 
this to a minimum eight to 10 days 
for storage and transit from the 
packer, and we're looking at quite a 
demand for extended shelf life pack- 
aging. 

Meanwhile, a crowded industry of 
meat packers is looking for value- 
added niches, with the hope of insur- 
ing their survival with improved mar- 



gins. As a result, we've witnessed an 
interest in prepackaged consumer 
portions of meat. This, in turn, has 
prompted inquiries into alternative 
packaging materials and their poten- 
tial effect on consumer demand. Til 
touch on this point later, but suffice 
it to say that oxygen-rich atmos- 
pheres have a role to play. 

Elsewhere, the tide against using 
chemical additives and mold inhibi- 
tors is growing. The "natural foods" 
cult has spread its influence from the 
generation of flower children to that 
of yuppies, as medical research con- 
tinues to scrutinize the possible 
harmful effects of chemical preserva- 
tives and additives. 

What does this trend have to do 
with packaging? It means that the 
demand for more sophisticated pack- 
aging will only increase as we seek to 
deliver to the consumer perishable 
foods which are fresh, tasty and 
appealing as well as convenient to 
their lifestyles. 

What, then, are the major advan- 
tages of the modified atmosphere 
packaging technique which utilizes 
gas flushing? 

L For fresh red meats, sufficient 
levels of oxygen in a retail package 



can allow the meat to "bloom" into a 
bright red color that is associated by 
the American consumer with fresh- 
ness. 

2. Depending on the product, shelf 
life can be extended. In the case of 
fresh red meats, various experiments 
and studies have exhibited shelf life 
extensions of six to 10 days over con- 
ventional in-store film wrap which, 
based on experience, provides only 
three to four days. 

3. Back flushing of gas allows us to 
manipulate the degree of cling of the 
packaging material to the product. 
For products which easily crush or 
that have shapes that are an integral 
part of the shopper's judgement on 
quality, this could well be an impor- 
tant attribute. For meats, of course, 
the consumer still has the need to 
recognize familiar shapes. 

4. Because of the somewhat pil- 
lowy effect afforded by nitrogen, in 
particular, gas-flushed packages can 
be used successfully for sharp or 
abrasive products that would other- 
wise puncture collapsed films. Pack- 
ers have long used this principle in 
shipping bone-in pork bulk-packed in 
nylon pouches. There is opportunity 
to do even more with this application 
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in the future. 

Among its disadvantages are still 
cost considerations, not only of mate- 
rials and gases but line speeds and 
labor requirements as well. Modified 
atmosphere packaging is bound to 
involve higher costs than convention- 
al packaging on rollstock thermo- 
form or horizontal form-fill-seal ma- 
chines. 

In addition, antifog agents are 
likely to be needed in films used on 
refrigerated products. This, depend- 
ing on the material itself, could 
increase costs further. 

Versatility of the package is ques- 
tionable, in terms of accommodating 
different shapes and sizes of retail 
product. In an age when the strata of 
consumers are demanding more vari- 
ety, care must be taken not to ham- 



Most important, many have disap- 
proved of its excessively expensive 
look. One lady in her late fifties and 
wearing a mink pillbox hat com- 
mented during a series of such inter- 
views in Chicago that the retail, gas- 
flushed package for fresh meats 
looked like the "Neiman Marcus" of 
packaging and that she would prefer 
'the "Marshall Field" version. That 
analogy puts it in a nutshell. There is, 
nevertheless, a segment of consumers 
turned on by its richness and gloss, 
suggesting something at least about 
the premium product inside that they 
would expect to see. 

Let me digress here to speak about 
sheif life itself. We define the term at 
Cryovac not only in the laboratory 
but also in marketplace jargon. It 
reflects the amount of time that a 




The shelf life 

of specialty products 

such as 

stuffed, boneless 
pork chops, can 
be extended 
through use of 
modified atmosphere 
packaging. 



per the retailer's ability to respond. 
Obviously, this is a concern in pre- 
packaging product that would other- 
wise be wrapped at the store level. 

Space also is a common complaint 
in two regards. Because there is 
headspace required for the gas, pack- 
ages have the appearance of being 
bulky and underfilled. The 2:1 pack- 
age-to-product ratio can cause head- 
aches for the retailer because he 
needs additional space for the same 
volume of product in his retail meat 
case or he must restock it more fre- 
quently. The package cannot be 
turned upside down without risking 
surface discoloration. Once in the 
consumer's home, space is of further 
concern for storage in the refrigera- 
tor. It is thus not well suited to ship- 
ping and freezing. Moreover, con- 
sumers in focus group interviews 
which Cryovac has conducted have 
questioned the ease of opening. 



product can be comfortably sold to 
the end user while it is still at a high 
level of freshness, good taste and eye 
appeal. It also includes enough lead 
time for the purchaser to take the 
product home and decide when to 
consume it. 

Many consumers purchase for 
same-day consumption, while others 
are far more fickle about their even- 
ings* plans. The package today, and 
especially in the future, has to be 
even more flexible and forgiving. 
There is no single stereotype of 
American consumer. The retail con- 
sumer audience is more fragmented 
than ever before. The package for 
fresh red meat for sale in the super- 
market meat case must, therefore, be 
convenient — transparent, if you 
will — and in no way a hindrance to 
the shopper's decisions. 

What, then, are shoppers looking 
for in fresh meat packaging? 



Just that — convenience and trans- 
parency. The need to be free to throw 
it into the freezer without further 
rewrapping or handling. The pack- 
age must have integrity and be leak- 
proof. If an easy-open feature is 
noted, it has to be, in fact, easy to 
open. It must not complicate an 
already complex, harried life. 

Future packaging needs to be mi- 
crowavable and ovenable. It must 
have the retailer's endorsement and 
support, especially if it looks differ- 
ent in any way from the conventional 
package. In fact, we found, through 
probing questions during recent con- 
sumer research, that the retailer it- 
self had more to do with the consum- 
ers* comfort level with different 
packaging alternatives than any oth- 
er single variable. 

Shoppers are increasingly accept- 
ing national brands. They don't resist 
the idea of central prepackaging of 
fresh meats a thousand miles away. 
They are, however, adamant about 
holding the retailer fully responsible 
for the quality of the product they 
receive. Thus, the retailer must be 
entirely comfortable with the prod- 
uct he is receiving and, in turn, offer- 
ing for sale. 

What does the future hold? 
We are definitely due for enhance- 
ments in packages which can be her- 
metically sealed. Higher efficiencies 
in sealing equipment are also forth- 
coming as a greater variety of food 
applications are sought. Lower cost 
materials should also become avail- 
able. Various levels of film permea- 
bility need to be tested. Various gas 
mixtures and different gases need to 
be investigated, especially in address- 
ing the excessive headspace issue, 

Even different oxygen removal ve- 
hicles will be used, which are not nec- 
essarily dependent upon the mechan- 
ics of equipment itself. Scavengers, 
for example, will become part of the 
packaging process. "Smart" films, of 
course, could also become part of our 
future. Talked about largely in aca- 
demic circles, these films could re- 
spond to changes in gas concentra- 
tions in the package. They would 
then decrease or increase the gas by 
diffusion or chemical absorption. 

What about all the other means of 
modifying atmosphere? Vacuum 
packaging could well overcome the 
problem of the purplish-red color 
which it maintains in meat by com- 
mercializing strippable or peelable 
barrier layers. This will allow the 
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An employee is shown positioning a 
pouched boneless chuck for modified atmo- 
sphere packaging. While most attention is 
paid to the shelf life extension, this type 
of packaging, of course, also eliminates 
chances of soiling. 

product to "bloom" at an appropriate 
time and with the least sacrifice of 
shelf life. Of course, vacuum levels 
can be modified, too, depending on 
the product. 

"Soft" vacuumizing heat seal 
equipment is currently available for 
certain cheese and vacuum skin 
packaging is even more appropriate 
for preserving the delicate shapes of 
product where distortion would be a 
serious deterrent to the retail shop- 
per. The consumer does not want to 
learn a new alphabet of product 
shapes. The shopper wants simpli- 
fied, not complicated, buying deci- 
sions. The less re-education neces- 
sary, the better. 

The convenience and flexibility 
concerns can, perhaps, be most fully 
addressed by the newer cook-and- 
ship and cook-and-strip bag materi- 
als. Cryovac, along with several oth- 
ers, has developed a family of materi- 
als which can be cooked in water or 
in microwaVe or high-humidity ov- 




ens. Used in foodservice segments or 
translated into an appropriate con- 
sumer package, these materials offer 
virtually limitless market develop- 
ment opportunities. 

What, then, is the answer? What 
is the future consumer package for 



fresh red meats? The answer proba- 
bly is: all of the above and then some. 
Just as we expect to see a continued 
plethora of consumer products from 
which to choose, we can expect pack- 
aging to offer an equal degree of 
variety and experimentation. □ 



Flashes 

on Suppliers 



Wixon Industries, Inc.: Chuck Ene- 
ma nn has been appointed vice president 
of sales for this Milwaukee-based 
spices, seasonings and flavors firm. 
Also, William B. Bond, jr., was named 
vice president of manufacturing for the 
company's operations. 

American Can Co« Three executives 
have been promoted to the new position 
of senior vice president as part of a reor- 
ganization of this Greenwich, Conn., 
firm's packaging sector into three ma- 
jor business groups. According to John 
G. Polk, executive vice president and 
sector executive for packaging, the 
reorganization is intended to "further 
enhance our customer and market fo- 
cus as well as concentrate our resources 
on the strategic and tactical objectives 
of our packaging businesses." Henry R. 
Martin, formerly vice president and 
general manager of flexible packaging, 
was named senior vice president, per- 
formance plastics packaging. John F. 
Hildner, formerly vice president and 



general manager of beverage packag- 
ing, was named senior vice president, 
beverage and international metal pack- 
aging. Douglas W. Moul, was named 
senior vice president, food/specialty 
and meat packaging, having formerly 
been vice president and general man- 
ager of these activities. 

Frick Coj Peter C. Spelter has been 
named president and chief operating 

officer of this 

manufacturer of 
industrial and 
commercial re- 
frigeration prod- 
ucts which is 
headquartered in 
Waynesboro, Pa. 
The announce- 
ment was made 
by Robert N. Po- 
kelwaldt, chair- 
man of the board. Spellar joined Frick 
in 1979 as vice president-engineering 
and had served as executive vice presi- 
dent since 1983. 

Curtice-Bums, Inc: This firm, head- 
quartered in Rochester, N.Y., has 
agreed to acquire the can making busi- 
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ness of Borden, Inc., located in Lyons, 
N.Y., for an undisclosed price. The 
business will be conducted through Fin- 
ger Lakes Packaging, a Curtice- Burns 
subsidiary. Mark Quinn, controller of 
the facility, will become general man- 
ager and chief executive officer, report- 
ing to Roy Myers, vice president-opera- 
tions of Curtice-Burns. The current 
work force of 140 persons will be 
retained and operations wil be main- 
tained substantially as in the past, 
according to David J. McDonald, Cur- 
tice-Burns president. 

Refrigeration Engineering Corp.: 
Brenda Kerlick has joined this San 
Antonio-based firm as electrical de- 
signer. Her responsibilities include the 
design of electrical control systems for 
RECO's industrial refrigeration pack- 
aged systems. 

Design Systems, Inc- William R. 
Horton, former Pepsi Cola executive, 
has been named executive vice presi- 
dent and chief operating officer of this 
Auburn, Washington, equipment de- 
signer and manufacturer. The an- 
nouncement was made by David Pratt, 
Design Systems president. 
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ABSTRACT 

Rates of 0 2 absorption from air were determined for a type of commercial 
O2 scavenger \hat is formulated for rapid 0? absorption at chiller tem- 
peratures, Rat is of Oy. absorption from N } atmospheres containing 600 
ppm ()} were Jeter mined for trays that each contained .150 g of ground 
beef Packs wi h controlled atmospheres of N ? that contained ground beef 
and 0 2 scavengers were prepared, to determine the conditions under which 
the scavengers could prevent the transient discolouration of the meat which 
arises from its taction with the residual 0 2 initially present in pack atmo- 
spheres. 

The rates of O3 absorption by individual scavengers varied from the 
average by ± i0%. The rate of 0 2 absorption declined with decreasing 
oxygen concen^ ration, from an average value per scavenger of about 12 ml 
h"' when 0 2 concentrations were between 20 and 10%. At 0 2 concentra- 
tions < 1% (li),000 ppm) the rate of 0 2 absorption was directly propor- 
tioned to the O2 concentration so that the 0 2 concentration in an 
atmosphere in 1 gas-impcrmeahle pouch declined exponentially with time. 
The absorption of O j by ground beef was similarly dependent on the 0 2 
concentration, lit 2°C, the transient discolouration of beef in atmospheres 
initially contaUing about 50 ppm 0 2 was prevented by the presence of 1 7*5 
scavengers per t of atmosphere. At - I -5 a C. discolouration was prevented by 
5 scavengers per I. The findings indicate that the 0 2 concentration in pack 
atmospheres his to be reduced below 10 ppm within 30 min at 2°C. 
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or 2 h at -1-5°C if ground beef is not to transien 
that the required rates of O) absorption could he 
with currently available, convnercial Op scavengers* 

INTRODUCTION 
The storage life of chilled meal can be extended by p< 



ckaging the product under 



^colour. It is unlikely 
obtained economically 



exposed, the storage icm- 
ijcle tissue. When stored at 
ty, such as beef iongissimus 
kg* 1 of meat that contain 



controlled atmospheres of N 2 or CO, (Gill and Molh, 1991). When first estab- 
lished, such controlled atmospheres will contain low roncentrations of 0 2 (Cull. 
1989) During the first few days of storage the reside al 0 2 is removed from the 
atmospheres by reactions with the meat, which ind Jde the formation of met- 
myoglobin (Gill and Jones, 1994a). The brown metmyDglobm formed at the meal 
surface can dull and discolour the meat but. if the amount of O^ is not excessive, 
the metmyoglobin reduction activity of the muscle tiss je will subsequently reduce 
the metmyoglobin to deoxymyoglobin and the meet will develop a desirable 
appearance when it is exposed to air (Ledward, 1985) _ , 

The occurrence and the duraiion of transient di&col< mration are affected by the 
concentration and quantity of 0 2 to which the meat i s 
peraiure and the intrinsic colour stability of the mwr 
-l-5 a C, muscle of relatively high intrinsic colour stahil 
dorsi, will not discolour in atmospheres of 1 to 2 / _ 

several hundred ppm 0* but will discolour in atmosphere containing < 100 ^ppm 
O? when stored at 2°C Products of low colour stability, such as ground beef, will 
discolour when 0 2 concentrations are < 100 ppm rrcspecuve of the storage 
temperature (Gill and McGinnis, 1995). 

The discolouration induced by the residual oxygen in controlled atmospheres 
will resolve after 2 to 4 days (Gill and Jones, 19^.6). That transient dis- 
colouration is then of no consequence when the meal will consistently be stored 
for lengthy periods. However, the discolouration would he inconvenient in 
circumstances where some portion of the meat n ight be displayed shortly 
after bcin* packaged. Such circumstances could aise in operations Tor the 
central preparation of display-ready beef (Farris a fl / M 1991). Some means 
of preventing the transient discolouration would thin remove a restriction on 
the use of 0 2 -depIeted atmospheres to preserve di* play-ready beef in master 

paclcagings. , 0 

An obvious approach to preventing the discolou anon is to include an u 2 
scavenging system in the master pack, and so sequester most of the residual 0 2 
from the meat (Rousset and Renerre, 1991). Oxygtn scavengers for use with 
foods are commercially available, but the informaiioi i on their scavenging beha- 
viour is limited, and essentially non-existent for their rales of reaction with 0 2 at 
concentrations of < 1000 ppm. Nor is much information available on the rate or 
0 2 uptake by meat at those low 0 2 concentrations. Tic uptakes of 0 2 from con- 
irollcd atmospheres of N 2 by a type of commercial oxygen scavenger and by 
ground beef and the prevention of transient meat discolouration by the inclusion 
of 0 3 scavengers with ground beef packaged under N 2 were therefore examined, 
to identify the amount of scavenging activity that would be required to prevent 
the transient discolouration of meat when it is packaged under an Q 2 -depleted 
atmosphere. 
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Oxygen scavengers 

The 0 2 scavengers used in 
Inc., Buffalo, NY, U.S.A.) 
is packaged in a pouch o 
is highly permeable to g. 
compatible. The R-type s 
temperatures with dry fo 
of 0 2 . 

Measurement of 0 2 concet 

The concentrations of O- 
(Mocon MS-750; Modern 
a zirconium oxide sensor 
sphere into a gas-tight sy 
tion of 0 2 concentration. 

Uptake of 0 2 by scavenge 

Ten scavengers were cad 
bimctalized, plastic lamin 
containing approximate^ 
TC. Immediately after tJ 
1 h. two samples of each 
septum, for analysis. Aft 
area of a pouch was seah 
of the atmosphere rem; 
atmosphere with a syrin. 
estimated from the meas- 
atmosphere at the begim 
Ten pouches of the 
scavengers and 4 / of air 
2, 10, 20 or 30*C. The * 
overnight at the temper 
intervals for up to 10 h 
determined, with dupiic 
and scaling of the punct 

Uptake of 0 2 from Nj a» 

Eight pouches of the ga* 
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MATERIALS AND METHODS 



U.S.A.) are composed of an iron-based chemicalsvstem which 
pouch of a spunbonded polyolcfln him (Tyvek™). That film 
ble to gasses and water vapour, damage resistant and food 
R-type scavenging system is formulated for activity at chiller 
th dry foods. The rated capacity of each scavenger is 200 ml 



O2 concentrations 



..... of 0 2 in atmospheres were determined using an 0 2 analyzer 
; Modern Controls Inc., Minneapolis, MN, U.S.A.) that employs 
; sensor. A gas sample of 10 ml, withdrawn from a lest atmo- 
•tight syringe, was injected into the sensor for each dctcrmina- 
tration. 



were each scaled into a pouch composed of a gas impermeable, 
stic laminate (SecureFresh Pacific Ltd., Auckland, New Zealand) 
oximately 250 ml of air. The filled pouches were held at 20 -L 
after the closure of each pouch, and after storage of each for 
of each pouch atmosphere were withdrawn, through a stick-on 
lysis. After the removal of the first pair of samples, the pierced 
was sealed using a hot iron. After the final sampting, the volume 
rc remaining in each pack was determined by removing the 
„ a syringe. The volume of 0 2 absorbed by each scavenger was 
the measured 0 2 concentrations and the calculated volume of the 
he beginning of the storage period. 

\ of the gas-impermeable laminate were each filled with 32 
4 / of air. Duplicate pouches were stored at temperatures of -1*5, 
C. The scavengers that were placed in each pouch had been held 
temperature at which the pouch was to be stored. At hourly 
. to 10 h. the 0 2 concentration of each pouch atmosphere was 
h duplicate samples being withdrawn through a stick-on septum, 
he punctured area after each sampling. 



Uptake of 0 2 f ora N 2 atmosphere* by ground beef 

Eight pouches >f the gaA-impermeablc laminate were each filled with four trays of 
ground beef and 4 / of N a . The pouches were evacuated, gassed and sealed using a 
Captron III (RMF Inc., Grandview, MO, U.S.A.) controlled atmosphere packa- 
ging machine. Each pouch was injected with 10 ml of air, to increase the oxygen 
concentration n the pack atmosphere to about 600 ppm. The punctured area of 
each pouch wfjs sealed immediately after injection of the air. Duplicate pouches 
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were stored at -1-5, 2, 5 or 1<TC and the 0 2 concentration 
was determined as for ihc 4 /, air-filled pouches containing 
The ground beef for each pair of pouches was prepan ;d 
trimmings that had been stored overnight at the in ten 
of the ground beef. The trimmings were ground imrned|ntely 
from storage, well mixed by hand, then distributed 
trays. The tray dimensions were 220 x 140 x 25 mm 
350 g of ground beef; which was pressed into the tray 
with a smooth surface. Each tray was ovcrwrapped wit i 
Choice Wrap, Goodyear Canada, Inc., Toronto, ON) 
sion rate of about 8000 ml m" 2 atm" 1 24 Ir 1 at 25X and 
approximately 0*5 mm in diameter, were made in the u r 
diagonally opposite corners of each tray. Those vents in 
thai pressure differences between the inside and the 
develop during the evacuation and gassing of master 
bursting or collapse of the display trays. The times between 
mings from storage and the return of the packaged grou 
exceed 30 min. 

Preservation of ground beef colour by O j scavengers 

Pouches containing trays of ground beef under atmospheres were prepared as 



a 'ter they were sealed. In 
10, 20, 30, 40, 50, 60, 70 
Z for 24 h. The con- 



before, but without air being injected into ihc pouches 
addition to the meat, the duplicate pouches contained 0, 
or 80 0 2 scavengers, and were stored at either -15 or 2 

centration in each pouch atmosphere was determined) immediately after the 
pouch was sealed and immediately before it was opened 

After storage, the trays were removed from the pouch ?: 
gerated display case. The meat was allowed 1 h to bloom 



of each atmosphere 
scavengers. 

from 3 kg of lean beef 
temperature of storage 
after their removal 
eight solid polystyrene 
ach tray was filled with 
give a firm meat mass 
a stretch film (Vitafilm 
(hat has an 0 2 transmis- 
75% r.h. Two holes each 
surface of the film at 
the display trays assured 
c utsidc of trays did not 
packs, and so avoided 
removal of the trim- 
n|d beef to storage did not 



each tray was assessed, for retail acceptability and di colouration, by a five 
member panel. Retail acceptability was scored on a 7- point scale where 1 - 
extremely undesirable, 2 = undesirable, 3 ~ slightly undesirable, 4 = neither 
desirable nor undesirable, 5 = slightly desirable, 6 - d<sirable. and 7 = extre- 
mely desirable. Discolouration was scored on a 5- point i cale where 1 = no dis- 
colouration^ = 1-10% discolouration, 3 - 1 1-25% discolouration, 4 = 26-50% 
discolouration, and 5 = 51 100% discolouration. The 
tray of meat by the majority of the panelists were recorded. 



RESULTS AND DISCUSSION 



Commercial 0 2 scavengers are based on iron powders 
which are mixed with acids and/or salts and a humcctanl), 
of the iron (Idol, 1987). The humectant may be dry or 
tant is dry, the rate of 0? absorption by the scavenger will 
water has been absorbed from a moist atmosphere to a 
maximum rate. If the humectant is moist, as in the 
0 2 absorption will proceed at a near-maximum rate 
exposed to an aerobic atmosphere. 
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tfifl. 1. The effects 
packs filled with 4 



time (h) 

4f time in storage at I -5"C (O) or 20°C (#) on the volumes of 0 2 in 
of air and 32 0 2 scavengers. Tinted values arc the averages for dupli- 
cate pucks. 
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factdrers' literature that describes the behaviour of commercial 0 2 
indicates that ihcy are generally formulated to reduce the Oi con- 
ume of air that is 5 times the rated absorbing capacity of the 
ppm within about a day. but that the time taken 10 reach that 
0-5 U) 4 d (Smith ei u/. t 1986; Multiform Desiccants. 1992). 
ue apparently in part to different rales of O5 absorption by the 
scavengers, of ihc same type, as the volumes of CK absorbed from air 
ar 20°C» during the first hour after the closure of packs 
16-9 ml, and averaged 10 8 ml for the 10 scavengers examined, 
rate of 0 2 absorption could be expected only when pouches 
scavengers, 30 that the total rate of absorption approximates 
w<iuld be estimated from the average rate of absorption and the 
used, while 3 or more scavengers /~ l of air would be 
low O2 concentrations in about 8 h. 
contained 32 scavengers, and 4 / of air, the rates of 0 2 absorption 
the decline being exponential after the residual 0 2 fell below 
^hen 0 2 concentration were < 1% (Fig. 1). Those data suggest 
absorption is affected by a number of factors which include the 
When the residual 0 2 was > 400 ml; i.e. at On concentrations 
concentration apparently had a relatively minor effect upon the 
O2 concentration increasingly predominated as it decreased 
at concentrations < 1%, the rate of C) 2 absorption was directly 
oncentration. Rates of Oj ab&orption from pack atmospheres 
10,000 ppm) O2 can then be conveniently expressed by ihe half- 
atfrospheres, the half-life being the time required to reduce by 
ume. or concentration, of residual 0 2 . 

0 2 absorbed by 32 scavengers during the first hour, when 0 2 
rehiained > 10%, increased with the storage temperature tor 
-1-5, 2 and 10°C, but did not increase further at higher 
(Talkie 1). Similarly, the half-life of 0 2 in the atmospheres, when 
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TABLE I 

The Effect of Storage Temperature on the Volumes of f> 3 
Hour. When the O a ConcenlrMUon Remained > 10%, and oi 
the 0 2 Concentration was < 1%, for Pucks Filled with 32 O 
The Values are the Averages for Dup Ilea tie 



Temperature 



O: absorbed during 
ihe first h 
(ml) 



when [0 2 l <!% 
(h) 



-15 
2 
10 
20 
30 



262 
283 
384 
388 
366 



increasing 



th: 



the 0 2 concentration was < 1%, decreased with 
at temperatures < 1(>°C, but did not decrease further at 
average volume of 0 2 absorbed per scavenger during 
10 U C or higher temperatures was about 12 ml, a value th 
average volume observed to be absorbed by single 
scavenger of average activity in an atmosphere of ! / 
half-life of O2 at storage temperatures of -1-5, 2 and 10 
4-0 h respectively, those half-lives being 8 times the half 
which contained 4 / of gas and 32 scavengers. The 
temperature on the rate of 0 2 absorption would be an c; 
vengcTS having been formulated for high rates of 0 2 
peratures. Rates of absorption by scavengers of othef: 
with temperature. 

The absorption of 0 2 by ground beef from atmosph 
of 0 2 also decreased exponentially with time. The half- 
increased storage temperature for temperatures between 
half-life at 10°C was similar to that at 5 C C (Table 2). Fo 
atmosphere volumes of 1/ per tray, the half-life of 0 2 
1-5 h, by about 0-4 h °C- for temperatures below 5°C 
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The rate of Oj absorption by meat is highly variable (Ledward, 1970; Hood. 
1980). O2 absorption by poal-rigor muscle is not affected by the degree of com- 
minution of the tissue (Bcndali and Taylor, 1972), while grinding, mixing and 
forming unit musses with the same surface area would tend to reduce the varia- 
tion between urib* prepared from the same batch. However, separate batches of 
meat were used for determining the rate nf 0 2 absorption at each temperature, 
without dctcrrri nation of the variation between batches. The relationship 
between the rate of 0 2 absorption and temperature may then not be wholcly as 
described by the limited data. Despite that, the data seem sufficient to indicate the 
order of the rats of 0 2 absorption by the ground beef, and that the rate of O? 
absorption is lilely to decrease substantially with temperature within the chillcT 
temperature range. 

The N 2 atmoiphere first established in controlled atmosphere packs of ground 
beef contained 0 2 at concentrations between 40 and 50 ppm (Tabic 3). The 
degradation of neat colour at those vciy low O2 concentrations did not render 
the meat unacceptable, but the affected product would certainly compare poorly 
with freshly ground product, which would then be preferred by both retailers and 
their customers. The inclusion in the packs of 5 scavengers / 1 of atmosphere 
resulted in tlie ir em being of desirable appearance, and not discoloured, when the 
packs were opened after xinrage for 24 h ar -l-5 e C Meat from packs with 2-5 
scavengers t x of atmosphere which were stored for the same time at the same 
temperature was also judged to be of desirable appearance despite the occurrence 
of small areas, 0 f brown discolouration on the meat in most of the trays. When 
packs were stor rd at 2*C\ 17 5 scavengers I" 1 were required to wholely prevent 
discolouration and degradation of the appearance to slightly desirable. The con- 
centrations of residual 0 2 in the packs, with or without 0 2 scavengers, stored at 
cither femperatire for 24 h were <U ppm. 
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the Averages for Two Packs. The Organoleptic Scores are the Lcom 
of the] Scores Recorded for Each of the Eight Trays Removed from Two Packs 
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As the sensitivity of the oxygen analy/cr is 10 p;)m, the final values for O2 
concentrations indicate only that the O2 concentrations were in the range 10 to 0 
ppm. The times required to reduce the 0 2 concentration from SO to < 10 ppm 
would he little more than twice the half-life of the D 2 in a pouch atmosphere. 
With the number of scavengers required to prevent lie discolouration of ground 
beef at 2°C, the half-life of 0 2 would be 0-26 h. "'he meat would contribute 
< 10% to the total O2 absorbing activity within the pouch. Thus meat dis- 
colouration at 2*C is prevented when the residual O} in the atmosphere is reduced 
to < 10 ppm within 30 min of pouch closure. With the number of beavengers 
required to prevent the discolouration of beef at -l-5 c C, the half-life of would 
he somewhat more than 1 h, but the meat would ccntribute about 20% to the 
total O2 absorbing activity. Thus, at -1 5°C, meat jiscolouration is prevented 
when the residual O? in the atmosphere is reduced :o < 10 ppm within 2 h of 
pouch closure. 

Obviously, each doubling of the initial 0 2 concentration from any base value 
would require the Oj absorbing capacity to be inercasrd by an increment equal to 
the absorbing capacity needed to prevent discoloururinn ;it rhe base concentra- 
tion, if discolouration at the higher concentrations was to be prevented. Also, the 
O2 absorbing capacity required to prevent discolouration would vary directly 
wiih the volume of the atmosphere. 

Although the rale of metmyoglobin formation al muscle tissue surfaces is 
reported to he maximal at about 6000 ppm O? (Lcdws.rd. 1970), it is evident from 
this study that meat colour can degrade rapidly at Q 2 concentrations < 100 ppm. 
With thai rapid deterioration, currently available, commercial, 0 2 scavengers 
would probably have to be used in multiple numbers pei display pack to consistently 
prevent the transient discolouration of meat that is packaged under (^-depleted 
atmospheres. However, the number of scavengers required would be minimi7cd if 
packaging conditions could be adjusted to assure that meat temperatures would 
be < -l°C, that the pack atmosphere would initially (contain < 100 ppm 0 2 and 
that the volume of the pack alinonphcrc would be sn.all in comparison with the 
weight of meat in the pack. 
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Chapter 4: Preservation 



misinterpreted in the absence of storage trials or in trials of short duration such as 
14 days. If Brochothrix thermosphacta is a problem organism in a processing 
facility or on a particular type of meat, lysozyme, Chrisin or mixtures of the two 
could be used to control its growth during refrigerated anoxic storage. 



Packaging of ground beef in an atmosphere with low carbon 
monoxide and high carbon dioxide restrains growth of 
. escherichia coli ol57:h7, listeria monocytogenes, yersinia 
enterocolitica ant) salmonella diarizonae 

Nissen H, Alvseike O. 1 - 2 , Bredholt S. Hoick A. and Nesbakken T. 2 
MATFORSK, Norwegian Food Research Institute. Oslovn. /, N -1430 As, Norway, 
1 Norwegian College of Veterinary Medicine, P.O. Box 8146 Dep., 0033 Oslo 
Norway. Norwegian Meat Research Centre, P.O. Box 396, 0513 Oslo, Norway 
Fax: +47 6497 0333, E-mail: hilde.nissen@marforskno 

Ground beef for retail sale is most often ready packed in modified atmosphere 
(MA) or in chub packs. MA packed ground beef prolongs the microbiological 
shelf life and also maintains an attractive red colour. For '.he past decade the 
Norwegian meat industry has been using a gas mixture of 0.3-0.5% CO, 60-70% 
CO2 and 30-40% N2 (the CO comes ready mixed in the N2). The reason for 
adding CO to the gas mixture is that it will produce a long-lasting cherry-red 
colour of the meat (Serheim et al 1999). The most commonly used gas mixture for 
retail-ready meat in other European countries is 70% 02/30% CO2 (Gill 1996) 
The high oxygen concentration is needed to keep the red colour of the meat. It is 
therefore only possible to obtain half the CO2 concentration used in the CO gas 
mixture. The microbiological shelf life will be longer than in air, but less than in 
the CO gas mixture (Sorheim et al 1999). 

The inclusion of CO is controversial because the stable cherry -red colour can last 
beyond the microbiological shelf life of the meat and thus mask spoilage (Kropf 
1980). However, the consumer is able to evaluate the microbiological conditions 
of the meat by off-odours and the shelf life based on odour is significantly longer 
in the CO mixture only at 4°C. Thus, extended shelf life does not necessarily 
imply an increased risk of growth of pathogens. In the present study we wanted to 
compare growth of the pathogens Escherichia coli 0157:H7, Listeria 
monocytogenes, yersinia enterocolitica and Salmonella diarizonae, in ground beef 
packed in a commercial Norwegian 0.4% CO/60% CO2/40% N2 mixture with 
growth in a high O2 (70% O 2 /30% CO2) gas mixture and in ground beef in chub 
packs during storage at 4 and 10°C. 



Commercial packages of ground beef (500 g) stored at 10°C were inoculated with 
the pathogens Escherichia coli 0157:H7, L. monocytogenes, Y. entercolitca and S. 
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diarizona, and the ground beef stored at 4°C with L. monocytogenes and 
enterocolitica The inocula of L. monocytogenes and Y. enterocolitica were 
cocktails of 3 stationary-phase, rifampicin-resistant strains, the inoculum of £. coli 
0157:H7 was one non-toxic nalidixic/streptomycin resistant strain and that of S. 
diarizonae was a cocktail of 3 strains that were not made antibiotic resistant 
(plated on selective media for Salmonella spp.). Controls of ground beef without 
inoculated pathogens were stored at both temperatures. 

After 5 days storage at 10°C the ground beef packed in the CO mixture had an 
acceptable smell while beef the packed in the high O2 mixture and the chub packs 
had a slight off-odour. After 8 days storage there was a strong off-odour for all the 
treatments. At 4°C the smell was still acceptable after 14 days of storage in the CO 
mixture, but the high O2 mixture and the chub packs had some off-odours. The 
growth of pathogens was restrained in all samples that had been packed in the gas 
mixture containing CO. Thus, growth of Y. enterocolitica was nearly totally 
inhibited both at 4 and 10°C, while the number in the samples packed in the high 
O2 mixture increased from about 5x1 0 2 bacteria per g at day 0 to about 10 4 at day 
5 at 4°C and to 10 5 at 10°C. The number in the chub packs were even higher. L. 
monocytogens showed very little growth at 4°C in all of the treatments. At 10°C 
there was slow growth (from about dxIO 3 bacteria/g to about 10 4 at day 5) in the 
CO mixture while the number in the high O2 mixture and the chub packs were 
about 10 times higher. Growth of E. coli 0157:H7 at 10°C storage was slow both 
in the CO-mixture and the high O2 mixture. Growth in the chub packs was higher 
reaching 10 5 bacteria/g on day 5. The growth of S. diarizonae followed the same 
pattern as £. coli 0157:H7. 

Ground beef is a high-risk product because pathogens may be mixed into the 
product which may not be properly heated before being eaten. The present study 
shows that the reduced background flora of beef packed in the CO mixture did not 
result in increased growth of the pathogens. This was probably due to the high 
concentration of CO2 in this mixture which particularly inhibits Gram negative 
bacteria. The O2 content in the CO mixture was virtually zero throughout storage 
at both temperatures. At 10°C the O2 content in the high O2 gas mixture decreased 
from 70% to about 35% after 8 days, probably due to aerobic bacterial 
metabolism. The chub packs had air- permeable casing which probably was the 
cause of the high bacterial growth in these packs. 

The conclusion of the present study is that for the conditions studied, the risk of 
growth of the pathogens Y. entrocolitica, L. monocytogenes, E. coli 0157:H7 and 
S. diarizonae in ground beef stored in CO gas mixture is the same as or less than 
in the ground beef stored in high O2 or under vacuum (chub packs). 
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English summary 

CONSUMER PURCHASE PROBABILITY OF BEEF AND PORK PACKAGED IN 
DIFFERENT ATMOSPHERES 

Ragnhild Solheim, MATFORSK, Norwegian Food Research Institute, Oslovn. 1, 1430 As, 
Norway 

Ground beef, beef loin steaks and pork chops were packaged in modified atmospheres of 
0.4% CO/ 60% C0 2 / 40% N 2 (high C0 2 /low CO mixture) and 70% 0 2 / 30% C0 2 (high 0 2 
mixture). In addition ground beef was packaged in clipped chub packs, beef loin steaks were 
vacuum packaged, and pork chops were packaged in an atmosphere of 60% C0 2 / 40% N 2 
with each pack containing an 0 2 absorber. The purchase probability data were collected by 
interviewing 126 consumers usually purchasing meat and meat products. The consumers 
visually compared the samples within each type of meat. The consumers preferred ground 
beef packaged in the high C0 2 /low CO mixture or the high 0 2 mixture compared to ground 
beef packaged in clipped chub packs. Purchase probability increased when pork chops were 
packaged in the high C0 2 /low CO mixture. Pork chops in packs containing an 0 2 absorber, 
were rated lowest in purchase probabilities. The purchase probability for beef loin steaks was 
similar when packaged in the high C02/low CO mixture or the high 02 mixture, and these 
products were preferred compared to beef loin steaks packaged in vacuum. 




COMMISSIONED REPORT 

MATFORSK - Norwegian Food 
Research Institute 

Osloveien 1, N-1430 As 
Tel: (+47) 64 97 01 00 



Report No.: 



0-7224 



Availability: 

Confidential 





Date: 


Report Title 


July 11, 1996 


Consumer Survey of Meat Products 






Signature of Project Manager: 


Project Manager/Author: 




Ragnhild Solheim 


[Signature] 


Head of Department: 


Signature of Head of 
Department: 


Bjorg Egelandsdal 


[Signature] 


Department: 


Project No: 


Analysis Methodology 


0-7224 FBT 


Commissioned by; 


Commissioner's contact: 


Norsk Kjott [Norwegian Meat] 


Truls Nesbakken 



0062 

ERIKSEN TRANSLATIONS / 32 COURT STREET. BROOKLYN, NEW YORK 11201 / TEL 7 18-802 -901 0 / FAX 7 1 8-802-0041 



OPPDRAGSRAPPORT 

MATFORSK - Norsk institutt for 
naeringsmiddelforskning 

usioveien i, \ho\j ms 
Tlf. 64 97 01 00 


Rapportnummer: 
0-7224 

Tilgjengelighet: 

Fortrolig 


Rapportens tittel: 
Forbnjkertest av kiettvarer 


Dato: 

11.07.96 


Prosjektleder/forfatter: 

Ragnhild Solheim 


Prosjektleders signatur: 


Avdelingsleder: 

Bjsrg Egelandsdal * 


Av^lingsleders signatur: 

n C (> * I f 


Avdeling: 

Analysemetodikk 


Prosjektnummer: 

0-7224 FBT 


Oppdragsgiver: 

Norsk Kj0tt 


Oppdragsgivers ref: 

Truls Nesbakken 



MATFORSK - Norwegian Food Research Institute 



Summary/Abstract: 

The consumers' (N=126) purchasing tendency for ground meat, pork chops and top loin of beef 
packaged in various ways was measured by means of a central location test. The consumers 
indicated their purchasing tendency on a verbal five-point scale from "Will definitely not buy" to 
"Will definitely buy." Moreover, the consumers estimated their buying frequency for the three 
different products, and provided their age and gender. 

The consumer population was composed of 62 % women and 38 % men. The age distribution 
was roughly equivalent for both genders. 

Purchasing Frequency: 

The major segment (47.6 %) of the participants said that they buy ground meat two to three 
times a month, while 20.6 % buy ground meat once a month. 

Pork chops were purchased two to three times a month by 29.4 % of the participants, while 38.1 
% bought pork chops once a month. 29 % of the participants bought pork chops less frequently 
than once a month. 

Top loin was purchased less frequently than once a month by 58.1 % of the participants in the 
study. 18 % said that they buy top loin once a month, and 19.4 % indicated that they buy top 
loin once a week. 

Purchasing Tendency: 

Ground meat: Ground meat packaged with CO gas received the same average score for 
purchasing tendency as ground meat packaged in 0 2 gas, while ground meat packaged as 
sausage had the lowest score for purchasing tendency. 

Pork Chops: Pork chops packaged in CO gas received the highest total score for purchasing 
tendency, while pork chops packaged in 0 2 gas received the second highest total score and 
pork chops packaged with oxygen absorber received the lowest score. 

Top Loin: Top loin packaged in CO gas and in 0 2 gas had roughly the same average score for 
purchasing tendency, while vacuum-packaged top loin received the lowest score for purchasing 

tendency. 

Excerpts of the report/results shall not be reproduced without prior written permission from 
MATFORSK. Also see special requirements for the use of MATFORSK's name in marketing. 
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Sammendrag/ekstrakt: 

Forbrukeres (N = 126) kjopsintensjon for kjottdeig, svinekoteletter og ytrefilet av storfe emballert 
pi ulike miter ble milt ved en "central-location" test. Forbrukerne anga kjopsintensjon etter en 
verbal fem-punkts skala fra "Vilsikkert ikke-kjope"4il "Vil sikkert kjope". I tillegg anslo de 
kjopsfrekvens for de tre uiike varetypene, samt oppga alder og kjonn. 

Forbrukerutvalget besto av 62 % kvinner og 38 % menn med en relativt jevn aldersfordeling. 

Kjepsfrekvens: 

Hovedtyngden (47.6 %) av deltakerne sa at de kjoper kjettdeig to - tre ganger pr mined, mens 
20.6 % kjoper kjottdeig en gang pr mined. 

Svinekoteletter ble kjopt to - tre ganger pr mined av 29.4 % av deltakerne, mens 38.1 % kjopte 
svinekoteletter en gang pr mined. 29 % av deltakerne kjopte svinekoteletter sjeldnere enn en 
gang pr mined. 

Ytrefilet ble kjopt sjeldnere enn en gang pr mined av 58.1 % av de som deltok i testen. 18 % sa 
at de kjoper ytrefilet en gang pr mined, og 19.4 % sa at de kjoper ytrefilet en gang pr uke. 

Kjopsintensjon: 

Kjottdeig: Kjottdeig pakket i CO-gass og kjottdeig pakket i 0 2 -atmosfaere fikk samme 
gjennomsnittpoeng for kjopsintensjon, mens kjottdeig pakket som snabb fikk lavest poeng for 
kjopsintensjon. 

Svinekoteletter: Svinekoteletter pakket i CO-atmosfaere fikk hoyest poeng for kjopsintensjon, 
svinekoteletter pakket i 0 ? -atmosfaere fikk nest hoyest poeng og svinekoteletter pakket med 
oksygen absorber fikk lavest poeng. 

Ytrefilet: Ytrefilet pakket i CO-gass og i 0 2 -gass fikk omtrent samme gjennomsnittlig poeng for 
kjopsintensjon, og vakumpakket ytrefilet fikk lavest poeng for kjopsintensjon. 

Rapporten/resultatene skal ikke gjengis i utdrag, uten etter skriftlig godkjenning fra MATFORSK. 
Pet henvises for ovrig til spesielle krav for bruk av MATFORSKs navn i markedsforing. 
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1. Premise 

The consumers' choice of meat products may be attributed to factors such as how the products 
are presented in their packaging. The consumers' purchasing tendency for meat products 
packaged in accordance with various principles was therefore measured. 

2. Implementation 

2.1 Materials and Survey Conditions 

The survey was taken at Drobak City [shopping center] on June 12. 1996 (Tuesday) from 10 am 
to 4 pm. 

Ground meat, pork chops and top loin of beef packaged in accordance with various principles 
(Table 1 ) was presented to consumers who eat these types of products. The products were 
delivered to MATFORSK on June 8. 1996 and stored at 4°C until the survey date. 
Products from the same group were placed side by side on a table under lighting with a strength 
of approximately 2000 lux (equivalent to the light intensity of a refrigerated meat counter in a 
store). The products were replaced with cold stored products every three hours. 



Table 1. Packaging methods for meat products tested in consumer survey 



Meat Product 




Packaaina Method 




Sausage 


CO 


o 2 


Vacuum 


o 2 

w/absorber 


Ground Meat 


X 


X 


X 






Pork Chops 




X 


X 




X 


Top loin of beef 




X 


X 


X 





x = packaging method used 



2.2 Method 

The products were coded with three-digit random numbers and evaluated in a systematically 
rotating order. The consumers indicated purchasing probability on a verbal scale and 
purchasing frequency for the product, and gave their age and gender (Figure 1). Following the 
evaluation, the verbal scale was translated into numerical values from 1 to 5, where 1=Will 
definitely not buy, and 5=Will definitely buy. The consumers spent between 5 and 10 minutes 
answering the questions. 
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1. Problemstilling 

Forbrukernes kjsp av kjottvarer kan blant annet ha sammenheng med hvordan 
varene presenters i emballasjen. Forbrukernes kjopsintensjon av kjottvarer 
emballert etter ulike prinsipper ble derfor m&lt. 

2. Gjennomforing 

2.1 Materialer & testforhold 

Testen ble gjennomfort p& Drsbak City den 12.06.96 (tirsdag) fra kl 1000 - 1600. 

Kjettdeig, svinekoteletter og ytrefilet av storfe emballert etter ulike prinsipper 
(Tabell 1 ) bie presentert for forbrukere som spiser disse produkttypene. Produktene 
ble levert MATFORSK den 08.06.96, og ble oppbevart ved 4 °C til testdato. 
Produkter fra samme gruppe ble plassert ved siden av hverandre p& et bord ved 
belysning pi ca 2000 lux (tilsvarende lysintensitet i kjeledisk i butikk). Produktene ble 
skiftet ut med kjolelagret vare hver tredje time. 



Tabell ?. Pakkemetoder for kj0ttvarer testet ved forbrukertest 



Kjottvare 




Pakkemetode 




Snabb 


CO 


o, 


Vakuum 


O, m/absorber 


Kj0ttdeig 


X 


X 


X 






Cvinekoteletter 




X 


X 




X 


Ytrefilet av storfe 




X 


X 


X 





x = anvendt pakkemetode 
2.2 Metode 

Produktene ble kodet med tresifrete tilfeldige tall og vurdert i systematisk roterende 
rekkefclge. Forbrukerne anga kjopssannsynlighet etter en verbal skala, kjops- 
frekvens for produktet samt alder og kjsnn (Figur t). Den verbale skalaen ble etter 
vurderingen oversatt til tallverdier fra 1 til 5, hvor 1 = Vil helt sikkert ikke kjgpe, opptil 
5 = Vil helt sikkert kjope. Forbrukerne brukte mellom 5 og 10 minutter & besvare 
sporsm&lene. 
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Dear Consumer! 

We are taking a survey on the consumer opinion concerning a selection of meat products as they appear 
in the meat counter. We hope that you will take a minute to let the meat producers know your opinion' 

What to do: 

1 . Please take a look at the samples of top loin. 

2. Consider whether you would buy these products the way they appear, assuming they are priced the 
same. Evaluate the products in the order listed below and check one box for each product 

Sample marked 763 Sample marked 288 

Will definitely buy □ Will definitely buy □ 

May buy □ May buy □ 

May/may not buy □ May/may not buy □ 

May not buy □ May not buy □ 

Will definitely not buy □ Will definitely not buy □ 

Sample marked 911 

Will definitely buy □ 

May buy □ 

May/may not buy □ 

May not buy □ 

Will definitely not buy □ 

In closing please answer the questions below about your age, gender and how often you buy top 
loin of beef. 

My age (check one): 

18-25 years old □ 

26-35 years old □ 

36-45 years old □ 

46-55 years old □ 

56-65 years old □ 

over 65 years old □ 

Gender (check one): 

Female □ Male □ 

I buy top loin of beef (refrigerated): 

Less than once a month □ 

Once a month □ 

Two to three times a month □ 

Once a week □ 

More than once a week □ 

THANK YOU FOR YOUR ASSISTANCE! 



Figure 1. Questionnaire for consumer sun/ey of meat products. Corresponding forms were used 
for pork chops and ground meat. 
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Kjaere Forbruker! 

Vi gjennomforer en undersokelse av forbrukernes syn pa noen utvalgte kjottvarer slik de ser ut nir vi moter 
dem i disken. Vi hiper du tar deg tid til £ bringe dine synspunkter til kjottprodusentene! 

Hva du skal gjore: 

1 . Se pi provene av ytrefilet 

2. Vurdere om du tror du vil kjope disse produktene slik de tar seg ut, forutsatt samme pris. Vurder 
produktene i den rekkefolgen de er oppgitt nedenfor og sett ett kryss for hvert produkt. 



Pr0ve merket 763 




Prove merket 288 




Vil sikkert kjope 


□ 


Vil sikkert kjope 


□ 


Vil kanskje kjope 


□ 


Vil kanskje kjope 


□ 


Vil kanskje/kanskje ikke kjope 


□ 


Vil kanskje/kanskje ikke kjope 


□ 


Vil kanskje ikke kjope 


□ 


Vil kanskje ikke kjope 


□ 


Vil sikkert ikke kjope 


□ 


Vil sikkert ikke kjope 


□ 


Prove merket 911 








Vil sikkert kjope 


□ 






Vil kanskje kjope 


□ 






Vil kanskje/kanskje ikke kjope 


□ 






Vil kanskje ikke kjope 


□ 






Vil sikkert ikke kjope 


□ 







77/ slutt ber vi deg besvare spersmal om alder, kjmn og hvor ofte du kjeper ytrefilet av storfe. 

Min alder er (sett ett kryss): 

18-25 ir □ 

26-35 ir □ 

36-45 ir □ 

46-55 ir □ 

56-65 ir □ 

over 65 ir □ 

Kjonn (sett kryss): 

Kvinne □ Mann □ 

Jeg kjoper ytrefilet av storfe (kjolevare): 
Sjeldnere enn en gang pr mined □ 
En gang pr mined Q 
To - tre ganger pr mined □ 
Engangpruke Q 
Oftere enn en gang pr uke Q 



MANGE TAKK FOR HJELPEN! 



Figur 1. Sporreskjema for forbrukertest pa kj0ttvarer. Tilsvarende skjema ble 
benyttet for svinekoteletter og kj0ttdeig 
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2.3 Consumer Population 

1 24-1 26 consumers over 1 8 years of age participated in the survey of the three different meat 
products. There were a few more women than men among the participants, and there were 
fewer participants over 56 years of age than in the other age groups (Table 2). The age 
distribution among men and women was the same. 



Table 2 Age and gender distribution among consumers participating in the survey. 





No. of 
consumers 


Gender (%) 


Age (year. % distnbu 


tion) 


i 


Meat Product 




Wome 
n 


Men 


18-25 


26-35 


36^5 


46-55 


56-65 


Over 65 


Ground Meat 


125 


61.6 


38.4 


15.9 


19.8 


18.3 


20.6 


11.1 


14.3 


Pork Chops 


126 


61.9 


38.1 


15.1 


18.3 


19.8 


19.8 


11.1 


15.9 


Top Loin 


124 


63.7 


36.3 


14.5 


21.0 


16.9 


21.8 


12.9 


12.9 



3. Results 

3.1 Purchasing Frequency for Meat Products 

Ground meat was most frequently bought, followed by pork chops, while top loin was rarely 
bought by the consumers participating in this study (Table 3). There were similar purchasing 
frequencies in the various age and gender groups. 



Table 3. Purchasing Frequency for Three Different Meat Products 





Meat Product 




Purchasing Frequency 


Ground Meat (N=125) 


Pork Chops (N=126) 


Top Loin (N=124) 


Less than once a month 


11.1 


29.4 


58.1 


Once a month 


20.6 


38.1 


18.5 


Two to three times a month 


47.6 


29.4 


19.4 


Once a week 


15 1 


3.2 


3.2 


More than once a week 


5.6 


0.0 


0.8 



3.2 Purchasing Tendency for Meat Products 

A detailed overview of the purchasing tendency is provided in Attachment 1 . 
All differences described in the following were significant to a degree of 95 %. 
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2.3 Utvalg av forbrukere 

124- 126 forbrukere over 18 fir deltok i testene av de tre ulike kjottvarene. Noe flere 
kvinner enn menn deltok, og det var noe fasrre personer i gruppene over 56 ar som 
deltok (Tabell 2). Det var tiisvarende aldersfordeling for kvinner og menn. 



Tabell 2. Alder og kjennsfordeling av forbrukere som deltok i unders0kelsen 





Antall 
forbrukere 


Kjann (%) 


Alder (ar, %-fordeling) 


Kjattvare 


Kvinner 


Menn 


18-25 


26-35 


36-45 


46-55 


56-65 


Over 65 


Kiettdeiq 


125 


61.6 


38.4 


15.9 


19,8 


18,3 


20.6 


11,1 


14.3 


Svinekoteletter 


126 


61.9 


38.1 


15.1 


18.3 


19,8 


19.8 


11,1 


15,9 


Ytrefilet 


124 


63,7 


36,3 


14,5 


21.0 


16,9 


21,8 


12,9 


12,9 



3. Resultater 

3.1 KjBpfrekvens for kjerttvarer 

Kjottdeig ble hyppigst kjopt, dernest svinekoteletter, mens ytrefilet ble sjelden kjept 
av forbrukerne som deltok i denne unders0kelsen (Tabell 3). Det var tiisvarende 
kjopsfrekvenser innen aldersgrupper og kjonn. 



Tabell 3. Kjopsfrekvens for tre ulike kjettvarer 





Kjettvare 


Kppslrekvens 


Kjrttdeig (N=125) 


Svinekoteletter (N=1 26) 


Ytrefilet (N=124) 


Sjeldnere enn en gang pr mnd 


11.1 


29.4 


58.1 


En qang pr mnd 


20.6 


38,1 


18,5 


To-tre aanqer pr mnd 


47,6 


29,4 


19.4 


En aanq pr uke 


15.1 


3.2 


3,2 


Oftere enn en qang pr uke 


5.6 


0,0 


0.8 



3.2 Kjopsintensjon for kjettvarer 

Detaljert oversikt over kjepsintensjon er gitt i vedlegg 1 . 

Alle forskjeller som er beskrevet nedenfor. var signifikante Dc 95 % niva. 
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Ground Meat 

Ground meat packaged as sausage was least appreciated by the consumers (see Figure 2). 
Ground meat packaged in CO gas and ground meat packaged in 0 2 gas received the same 
average score for purchasing tendency. This result occurred regardless of consumer age and 
gender. 

Comments from the consumers: 

The wrapping film used to pack meat as sausage hides the contents 



[Above bar chart] Purchasing Tendency for Ground Meat 



[Beside bar chart] Average score (N=126) [Bar chart] 



[Below bar chart] As Sausage CO gas 

Packaging Method 



Figure 2. Purchasing tendency for meat products. 1=Will definitely not buy, and 5=Will definitely 
buy the product as presented in the survey. 
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Kj0ttdeig 

Kjettdeig pakket som snabb ble dariigst likt av forbrukerne (se Figur 2). Kjottdeig 
pakket i CO-gass og kjettdeig pakket i 0 2 -atmosfaere fikk samme gjennomsnitts- 
poeng for kjopsintensjon. Dette resultatet gjaldt uavhengig av forbrukernes alder og 
kjonn. 

Kommentarer fra forbrukere: 
Snabbfilm skjuler innholdet. 




Figur 2. Kjspsintensjon av kj0ttvarer. 1 = Vil sikkert ikke kjepe og 5 = Vil sikkert kjope 
produktet slik det ble presentert i testen 
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Pork Chops 

Pork chops packaged in CO gas received the highest average score for purchasing tendency, 
pork chops packaged in 0 2 gas received the second highest score and pork chops packaged 
with oxygen absorber received the lowest average score (see Figure 3). This result occurred 
regardless of consumer age and gender. 

Comments from consumers: 

The pork chops packaged with absorber look gray/brown - are they old? expired? 
Sample packaged with CO and 0 2 : nitrite added? 



[Above bar chart] 



Purchasing Tendency for Ground Meat 



[Beside bar chart] Average score (N=126) [Bar chart] 



[Below bar chart] 0 2 absorber 



CO gas 

Packaging Method 



Figure 3. Purchasing tendency for meat products. 1 -Will definitely not buy. and 5-Will definitely 
buy the product as presented in the survey. 
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Svinekoteletter 

Svinekoteletter pakket i CO-atmosfaere fikk hoyest gjennomsnittlig poeng for 
kjopsintensjon, svinekoteletter pakket i 02-atmosfasre fikk nest hoyest poeng og 
svinekoteletter pakket med oksygen absorber fikk lavest gjennomsnittlig poeng 
ise Figur 3). Dette resultatet gjaldt uavhengig av forbrukernes alder og kjonn. 

Knmmentarer fra forbrukere: 

Koteletter med absorber ser gra/brun ut - er den gammel?, over holdbarhetsdato? 
CO- & 0 2 -pakket prove: tilsatt nitritt? 



K|opsintensjon for svinekoteletter 




02-*taort»r CO-gm»« 

Pakkemetode 



*iaur 2. Kjopsintensjon av kip-trvarer. 1= Vil sikkeri iKKe kienp op 5 = Vil sikkert kjepe 
produktet slik det ble presenteri i testen 
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Top Loin 

Top loin packaged in CO gas and in 0 2 gas received approximately the same average score for 
purchasing tendency (see Figure 4). Vacuum packaged top loin received a lower score for 
purchasing tendency than the two aforementioned samples. Men indicated roughly equivalent 
purchasing tendencies for the three varieties, while women indicated the highest purchasing 
tendency for top loin packaged in CO gas. followed by top loin packaged in 0 2 gas. and the 
lowest purchasing tendency for vacuum packaged top loin. 



Comments from consumers: 

Sample packaged in CO and 0 2 : nitrite added? 

Sample packaged in CO: "artificial" sides. 

Vacuum packaged sample: looks as if it has been squeezed. 



[Above bar chart] Purchasing Tendency for Top Loin 



[Beside bar chart] Average score (N=125) [Bar chart] 



[Below bar chart] Vacuum CO gas O. 

Packaging Method 



Figure 4. Purchasing tendency for meat products. 1-Will definitely not buy and 5=Will definitely 
buy the product as presented in the survey. 
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Ytrefilet 

Ytrefilet pakket i CO-gass og i 0 2 -gass fikk omtrent samme gjennomsnittlig poeng for 
kjopsintensjon (se Figur 4). Vakuumpakket ytrefilet fikk lavere poeng for kjops- 
intensjon enn de to forstnevnte provene. Menn anga tilsvarencie kjopsintensjon for 
de tre variantene, mens kvinner ga hoyest kj0psintensjon for ytrefilet pakket i CO- 
gass, dernest ytrefilet pakket i 02-atmosfaere og lavest kjopsintensjon for 
vakuumpakket ytrefilet. 

Kommentarer fra forbrukere: 

CO- & 0 2 -pakket prove: tilsatt nitritt? 

CO-pakket prove: "kunstig" rand. 

Vakuumpakket prove: ser ut som den er trykka pa. 




Figur 4. Kj0psintensjon av kj0ttvarer. 7= Vilsikkert ikke k]0pe og 5 = Vil sikkert kj0pe 
produktet slik det ble presentert i tester). 
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4. Conclusion 

Ground Meat: Ground meat packaged in CO gas and ground meat packaged in 0 2 gas received 
the same average score for purchasing tendency, while ground meat packaged as sausage 
received the lowest score for purchasing tendency. 

Pork Chops: Pork chops packaged in CO gas received the highest score for purchasing 
tendency, pork chops packaged in 0 2 gas received the second highest total score, while pork 
chops packaged with oxygen absorber received the lowest score. 

Top Loin: Top loin packaged in CO gas and in 0 2 gas received approximately the same average 
score for purchasing tendency, and vacuum packaged top loin received the lowest score for 
purchasing tendency. 

Comments 

This type of survey does not have representative sampling of consumers in terms of the 
population as a whole or a specific population segment. The make up of the survey represents a 
model for a purchasing situation. These circumstances must be taken into account when 
interpreting the results. 
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4. Konklusjon 

Kjottdeig: Kjettdeig pakket i CO-gass og kjottdeig pakket i 0 2 -atmosfaere fikk samme 
gjennomsnitt poeng for kjapsintensjon, mens kjottdeig pakket som snabb fikk lavest 
poenglor kjapstntensjon. 

Sw'ne/<ote/effer; Svinekoteletter pakket i CO-atmosfasre fikk hoyest poeng for 
kjapsintensjon, svinekoteletter pakket i 02-atmosfaere fikk nest heyest poeng og 
svinekoteletter pakket med oksygen absorber fikk lavest poeng. 

Ytrefilet: Ytrefilet pakket i CO-gass og i 0 2 -gass fikk omtrent samme gjennomsnittlig 
poeng for kjapsintensjon, og vakuumpakket ytrefilet fikk lavest poeng for kjaps- 
intensjon. 

Kommentarer 

Denne typen test har ikke et representativt utvalg forbrukere i forhold til befolkningen 
generelt eller en bestemt gruppe i befolkningen. Opplegget i testen er en modell for 
en kjapssituasjon. Disse forholdene ma tas i betraktning ved tolkning av resultatene. 
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ATTACHMENT 1 



Overview of Results from Consumer Study of Meat Products 

Average 



Ground Meat (N=126) 
As sausage 
CO gas 

O r 

Pork Chops (H= 126) 
0 2 absorber 
CO gas 



2.5 
3.7 
3.7 



1.9 
4.6 
3.6 



Standard Deviation 

1.5 
1.4 
1.4 



1.3 
0.7 
1.4 



Median 

2 
4 
4 



1 
5 
4 



Top Loin (N=125) 
Vacuum 
CO gas 
0 2 



2.9 
4.2 
4.0 



1.6 
1.1 
1.1 



3 

4.5 
4 
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VEDLEGG 1 

Oversikt over resultater f ra forbrukertest av kjettvarer 

Gjennomsnitt Standardavvik Median 



Kj0ttdeig (N = 126) 

Snabb 2.5 1.5 2 

CO-gass 3.7 1.4 4 

0 2 3.7 1.4 4 

Svinekoteletter (N = 126) 

0 2 -absorber 1.9 1.3 1 

CO-gass 4.6 0.7 5 

0 2 3.6 1.4 4 

Ytrefilet (N = 725; 

Vakuum 2.9 1.6 3 

CO-gass 4.2 1.1 4.5 

0 2 4.0 1.1 4 
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English summary 

DISCOLORATION OF MEAT AS AN INDICATOR OF LEAKAGES IN PACKAGES 
CONTAINING A CO GAS MIXTURE 

Oddvin Sorheim, MATFORSK, Norwegian Food Research Institute, Oslovn. 1, 1430 
As, Norway 

The aim of the experiment was to study discoloration of meat packaged in a gas 
mixture of 60 % CO2/4O % N2/ 0.4 % CO with different concentrations of residual 0 2 
added. Tests were performed on ground beef with 1 % NaCI, aged beef loin steaks 
and pork chops. Leakages were simulated by injecting different amounts of air with a 
syringe into the packages after two days storage. Discoloration of the meat was 
measured as reduction in a* (redness) values and evaluated visually. Ground beef 
had a low tolerance level of residual O2 because it was discoloured in atmospheres 
containing more than 1 % 0 2 . Beef loin steaks and pork chops were slightly 
discoloured in more than 2 and 5 % 0 2( respectively. The results suggest that 
discoloration can be an indicator of leakages for ground beef, but not for beef loin 
steaks and pork chops. 
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Summary/Abstract: 

Tests were carried out to find the tolerance limits for residual 0 2 for discoloration of meat 
packaged in CO gas mixture with simulated leak. Various concentrations of air were added to 
the packages of ground meat, top loin and pork chops with a mixture of 60% C0 2 / 40% N 2 / 
0.4% CO two days after packaging. Ground meat packaged in gas containing more than 1% 0 2 
was clearly discolored, while top loin and pork chops, respectively packaged in gas containing 
more than 2 and 5% 0 2 showed only minor discoloration. The results indicate that discoloration 
can serve as an indicator of leakage for ground meat, but not for top loin and pork chops. 
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Meat Discoloration as an Indicator of Leakage in Packages with CO Gas Mixtures 
Purpose 

The purpose of the survey was to find the tolerance limits for residual 0 2 with regard to 
discoloration of ground meat, top loin and pork chops packaged in a CO gas mixture. 

Implementation of the Study 

Samples of ground meat with 1% NaCI (20 pieces), tenderized top loin of beef (18 pieces) and 
pork chops (14 pieces) were gas packed on a llapak Delta 2000 machine (llapak, Switzerland) 
on a tray in BDF 550 shrink film (Cryovac). The gas mixture consisted of 60% C0 2 / 40% N 2 / 
0.4% CO. The samples were stored out of light at 4°C. After two days of storage, air was added 
to the packages to increase the 0 2 content, i.e. a simulated leak. This was done by sucking out 
the gas in the package and replacing it with air by means of a syringe and a septa . 0-2.0% 0 2 
was added to the ground meat, 0-3.2% 0 2 was added to the top loin, and 0-13.9% 0 2 was 
added to the pork chops, in all cases with a spectrum of 0 2 concentration in their respective 
ranges. After the replacement of gases, the concentrations of 02 and C0 2 were measured by 
means of two Toray instruments, type LC 700F and PG-100 (Toray Eng., Japan). The remaining 
storage time before unwrapping was 2 days for ground meat and 5 days for both top loin and 
pork chops. 

Upon unwrapping, the 0 2 and C0 2 concentrations in the packages were once again measured. 
Two judges then visually judged the color of the unopened packages according to a scale 
(1=fresh meat red, 2=dark red. 3=somewhat discolored, 4=moderately discolored, 5=extremely 
discolored). The packages were then opened, and the color was measured with a Minolta 
Chroma Meter CR-300 (Minolta Camera Co., Japan) directly on the surface of the meat within 1 
minute of opening. The instrument had light source D 6 s at 8 mm aperture, and the color was 
measured in CIE (1976) L* (luminosity) a* (redness) and b* (yellowness). Lastly, the pH was 
measured directly in the meat with a Ingold Xerolyt electrode (Mettler-Toledo A.G., Switzerland). 

Results and Discussion 

The correlation between discoloration upon unwrapping and 0 2 concentration when replacing 
the gas proved to best be expressed by an a* value (redness) and visual color evaluation. 
Attached are a plot of the a* and 0 2 concentration for ground meat, top loin and pork chops; see 
figures 1. 2, and 3. The correlation coefficients for the three products were calculated to -0.71, - 
0.33, and -0.51. The relatively low coefficients are partly due to the large spread of the 
measured values and partly because the correlation between a* and 0 2 does not appear to be 
linear. 

For ground meat we found a reduction of approximately 4-5 a* values from 0 to 1% 0 2 . A 
reduction of a* to this degree is readily apparent. Samples stored in 1% or higher levels of 0 2 
had a score of between 3 and 4 on the color scale, i.e. slight to moderate discoloration. The 
results indicate that the tolerance limit for discoloration of ground meat in CO mixture is 
approximately 1% 0 2 . 
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Misfarging av kjot som indikator pa lekkasje i pakningar med CO- 
gassblanding 



Formal 

Hensikten med forsaket var a finna toleransegrenser for rest-0 2 mht misfarging av 
kjatdeig, ytrefilet og svinekotelettar pakka i CO-gassblanding. 



Gjennomforing av forsaket 

Pr0ver av kjatdeig m/1% NaCI (20 stk), marna ytrefilet av storfe (18 stk) og 
svinekotelettar (14 stk) vart gasspakka p& ei llapak Delta 2000 maskin (llapak, 
Sveits) pi skal i BDF 550 krympefilm (Cryovac). Gassblandinga bestod av 60 % 
CCy 40 % N/ 0,4 % CO. Pravene vart lagra markt ved 4 °C. Etter 2 dagar lagring 
vart pakningane tilfarte luft for a auka innhaldet av 0 2 , dvs ein simulert lekkasje. 
Dette vart gjort ved a trekka ut pakkegassen og erstatta den med luft gjennom eit 
septa vha ei sprayte. Kjatdeig vart tilsett 0-2,0 % 0 2 , ytrefilet 0-3,2 % 0 2 og 
svinekotelettar 0-13,9 % 0 2 , alle med eit spekter av 0 2 -konsentrasjonar i sine 
omrade. Etter utskiftinga av atmosfaerer vart 0 2 - og C0 2 -konsentrasjonane malte 
med to Toray-instrument, type LC 700F og PG-100 (Toray Eng., Japan). Den vidare 
lagringstida far uttak var 2 dagar for kjatdeig, og 5 dagar for bade ytrefilet og 
svinekotelettar. 

Ved uttak vart pakningane pa ny malte for 0 2 - og C0 2 -konsentrasjonar. Kjatet vart sa 
bedamt visuelt av to dommarar for farge i uopna pakning etter ein skala (1 = frisk 
raud, 2 - mark raud, 3 = svakt misfarga, 4 = moderat misfarga, 5 = ekstremt 
misfarga). Deretter vart pakningane opna, og farge vart malt med eit Minolta Chroma 
Meter CR-300 (Minolta Camera Co., Japan) direkte pa kjatoverflata innan 1 minutt 
etter opning. Instrumentet hadde lyskjelde D M med 8 mm lysopning, og fargen vart 
uttrykt i CIE (1976) L* (lyshet), a* (raudhet) og b* (gulhet). Til sist vart pH malt direkte 
i kjotet med ein Ingold Xerolyt elektrode (Mettler-Toledo A.G., Sveits). 



Resultat og diskusjon 

Samanhengen mellom misfarging ved uttak og O z -konsentrasjon ved utskifting av 
atmosfaera viste seg a vera best uttrykt gjennom a*-verdi (raudhet) og visuell 
fargebedBmming. Vedlagt folgjer plot for a* og 0 2 -konsentrasjon for kjatdeig, ytrefilet 
og svinekotelettar; sja figur 1 , 2 og 3. Korrelasjonskoeffesientane vart berekna til 
-0,71 , -0,33 og -0,51 for dei tre produkta. Dei relativt lage koeffesientane skuldast 
dels stor spredning i maleverdiane og dels at samanhengen mellom a* og 0 2 ikkje 
synest vera lineaer. 

For kjatdeig fann vi ein reduksjon pa ca. 4-5 a*-verdiar fra 0 til 1 V O r Ein nedgang i 
a* av denne storleiken er tydeleg synleg. Praver lagra i 1 % eller hagare 0 2 hadde 
poeng mellom 3 og 4 pa fargeskalaen, dvs svakt til moderat misfarga. Resultata 
tyder pa at toleransegrensa for misfarging av kjatdeig i CO-blandinga er pa ca 1 % 
0 2 - 
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For top loin, on the other hand, a smaller decrease in a* and a weak correlation between a* and 
0 2 concentration were found. However, there seemed to be a reduction of about 2 a* values 
between 0 and 2% 0 2l with a color scale score of about 3 on samples stored in over 2% 0 : 
This indicates a weak discoloration with a tolerance limit of approximately 2 % O r for top loin. 

The color of pork chops proved to be only slightly affected by the 0 2 concentration in the 
packaging gas, even when up to 2/3 of the gas was replaced with air. We found a reduction of 1 
to 1.5 a* values between 0 and 5% 0 2 in the package gas, but this barely registered as 
discoloration with a score of 2-3 on the color scale. 

The pH values at the end of the leak test were on average 5.59, 5.62 and 5.42 for ground meat, 
top loin and pork chops respectively. 

Between the start and the end of the leak tests, we measured a reduction in the 0 2 
concentrations of 80, 40 and 30 % for ground meat, top loin and pork chops respectively. This 
reduction can be due to meat respiration or consumption of 0 2 by bacteria. Ground meat has a 
high consumption of 0 2 due to a large surface area exposed to surrounding gas and frequently 
higher bacteria counts than whole meat. 

The significance of residual 0 2 in package gas with regard to discoloration and microbiological 
storage life has been discussed previously in the report "Fresh Meat in Consumer Packaging - 
an Evaluation of Various Packaging Methods and Their Effect on Meat Quality." For storage in 
gas containing C0 2 and/or N 2 without the presence of CO, tolerance limits for discoloration have 
been found to be below 0.1 and 0.5% 0 2 for beef and pork respectively. Tests on pork has 
shown that the microbiological storage life was reduced when the package gas contained more 
than 2-4% 0 2 . 

The ground meat containing 1% sodium that was tested in this survey, had obvious 
discoloration when the CO mixture contained at least 1% 0 2 . Sodium functions as a pro-oxidant, 
and will usually intensify or accelerate the discoloration of the meat. It is therefore likely that 
consumers will react on the color of ground meat when small leaks in the packaging exist. For 
top loin and pork chops, however, there is little likelihood that the minor discoloration occurring 
at above 2 and 5% 0 2 will serve as an indicator of leakage to the regular consumer. The lighting 
in store refrigerating counters will often conceal minor color nuances. All in all, these results 
show that CO has a strong bond to the myoglobine in whole, unsalted meat, which prevents the 
carbon myoglobine from being destabilized by 0 2 in the gas. Hence, discoloration is not a good 
indicator with regard to alerting consumers of leaks and risk of increased bacterial growth in 
meat such as top loin and pork chops. 

Thanks 

We are grateful to Frank Lundby for his valuable technical assistance. 
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For ytrefilet, derimot, vart det funne ein mindre nedgang i a* og ein svak samanheng 
mellom a* og 0 2 -konsentrasjon. Det syntest likevel a vera ein nedgang pa ca 2 a*- 
verdiar mellom 0 og 2 % 0 2 , med poeng pa fargeskalaen omkring 3 pa prover lagra i 
over 2 % 0 2 . Dette indikerer ei svak misfarging med ei toleransegrense pa omlag 
2 % 0 2 for ytrefilet. 

Fargen pa svinekotelettar viste seg a svaert lite paverka av 0 2 -konsentrasjonen i 
pakke-atmosfaera, sjolv med utskifting av opp til 2/3 av atmosfaera med luft. Vi fann 
ein nedgang pa 1-1,5 a*-verdiar fra 0 til 5 % 0 2 i atmosfaera, men dette kunne knapt 
registrerast som misfarging med poeng pa 2-3 pa fargeskalaen. 

pH ved avslutning av lekkasjetesten var i gjennomsnitt 5,59, 5,62 og 5,42 for hhv 
kjotdeig, ytrefilet og svinekotelettar. 

Mellom start og avslutning av lekkasjetestane malte vi ein nedgang i 0 2 - 
konsentrasjonar pa ca 80, 40 og 30 % for hhv kjotdeig, ytrefilet og svinekotelettar. 
Denne nedgangen kan skuldast bade respirasjon i kjotet og forbruk av O a av 
bakteriar. Kjotdeig har eit hogt forbruk av 0 2 pga stor overflate mot atmosfaera og 
gjerne hogare bakterietal enn heilt kjot. 

Betydningen av rest-0 2 i pakke-atmosfasrer for misfarging og mikrobiolgisk hold- 
barhet er tidlegare drofta i rapporten "Ferskt kjot i forbrukarpakning - ei vurdering av 
ulike pakkemetodar og deira verknad pa kjBtkvalitet". For lagring i atmosfaarer med 
C0 2 og/eller N 2 utan CO til stades er det funne toleransegrenser for misfarging pa 
under 0,1 og 0,5 % 0 2 for hhv storfe- og svinekjot. Forsok med svinekjot har vist at 
den mikrobiologiske holdbarhetstida vart forkorta nar atmosfasra inneheldt meir enn 
2-4 % 0 2 . 

Kjotdeigen med 1 % salt som vart testa i dette forsoket, var tydeleg misfarga med 
1 % eller meir 0 2 i CO-blandinga. Salt verkar som ein pro-oksidant og vil som regel 
forsterka eller framskunda misfarging av kjot. Det er derfor sannsynleg at for- 
brukaren vil reagera pa fargen pa kjotdeig med sma lekkasjar i pakningen. For 
ytrefilet og svinekotelettar er det derimot lite truleg at den svake misfarginga med 
over 2 og 5 % 0 2 vil fungera som ein indikator pa lekkasje for ein vanleg forbrukar. 
Lyssetjinga i butikkane sine kjolediskar vil ofte kamuflera sma fargenyansar. Samla 
viser desse resultata at CO har ei sterk binding til myoglobinet i heilt, usalta kjot, 
som forer til at karboksymyoglobinet vanskeleg let seg destabilisera av 0 2 i atmos- 
fasra. Misfarging vil derfor ikkje vera nokon god indikator for a atvara forbrukaren mot 
lekkasjar og risiko for auka bakterievekst i kjot som ytrefilet og svinekotelettar. 



Takk 

Frank Lundby blir takka god teknisk assistanse. 
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[Left-hand side of graph] a* [Plot] 



[Below graph] % Oxygen 



Figure 1 The correlation between a * (redness) and 0 2 concentration for ground meat packaged 
in a mixture of 60% CO 2 /40% N 2 /0.4% CO after two days storage at 4°C. n=20. r=-0.71. 



[Left-hand side of graph] a* [Plot] 



[Below graph] % Oxygen 



Figure 2 The correlation between a* (redness) and 0 2 concentration for top loin packaged in a 
mixture of 60% C0 2 / 40% N 2 /0.4% CO after five days storage at 4°C. n=18, r=-0.33. 



[Left-hand side of graph] a* [Plot] 



[Below graph] % Oxygen 



Figure 3 The correlation between a* (redness) and 0 2 concentration for pork chops packaged in 
a mixture of 60% C0 2 / 40% N 2 /0A% CO after five days storage at 4°C. n=14, r=-0.51 . 
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% Oksygen 

Figur 1 Forhold mellom a' (raudhet) og O t -konsentrasjon for kj0tdeig pakka i 60 % CO/ 
40%N t / 0,4 % CO etter 2 dagar lagring ved 4°C.n = 20, r = -0, 71. 
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% Oksygen 

Flgur 2 Forhold mellom a' (raudhet) og 0,-konsentrasjon for ytrefilet pakka i 60 % CO J 
40 % N/ 0,4 % CO etter 5 dagar lagring ved 4°C.n=18,r= -0,33. 
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% Oksygen 

Flgur 3 Forhold mellom a* (raudhet) og 0,-konsentrasjon for svinekotelettar pakka i 60 % 
CO/ 40 % N/0.4 % CO lagra i 5 dagar ved 4 °C. n=14,r- -0,5t. 
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Review 



Retail meat can be packaged in gas mixtures containing 
60-70% carbon dioxide (C0 3 ), 30-40% nitrogen (N 2 ) and 
<0.5% carbon monoxide (CO). This gas mixture with CO pro- 
vides a unique combination of a long microbiological shelf 
life and a stable, cherry red colour of the meat. The shelf life 
of meat packaged in the CO mixture is longer than that of 
meat packaged in the commonly used atmospheres with high 
oxygen (0,), that is, approximately 70% 0 2 and 30% C0 2 . 
The consumption of meat that has been packaged in a CO 
mixture will result in only negligible levels of carboxy- 
haemoglobin in the blood. It is highly improbable that the use 
of CO in the packaging of meat will present a toxic threat to 
consumers. 

Modified-atmosphere packaging (MAP) is gaining in- 
creasing application in modern food distribution. Meat 
intended for retail sale can either be wrapped in vapour- 
tight, oxygen-permeable films or packaged in gas-tight 
films with a modified atmosphere (MA). The main pur- 
poses of the MAP of meat are twofold: to ensure the mi- 
crobiological shelf life and the attractive red colour of 
the product. Consumers frequently interpret the colour of 
meat on retail display as an indicator of wholesome ness'. 

CO is a colourless, odourless and tasteless gas. It is 
produced mainly through incomplete combustion of 
carbon-containing materials. Natural background lev- 
els of CO are 0.0 1-0.9 mg/m 3 (Ref. 2). In urban areas, 
8-h mean concentrations of CO (i.e. mean CO concen- 
trations are measured for each possible 8-h interval 
during a 24-h period, then averaged) are generally 
<20mg/m 3 ; however, maximum 8-h concentrations (i.e. 
the maximum mean concentration found during any one 
8-h period) of up to 60mg/m 3 have been recorded 2 . By 
far the most common cause of elevated CO concen- 
trations in the blood is tobacco smoking 3 . 

A challenge in the MAP of retail meat is the stabiliz- 
ation of the red colour of the product. The positive ef- 
fect of CO on meat colour was known and patented over 
100 years ago 4 . Despite this knowledge, CO has to date 
been applied commercially only to a limited extent in the 
MAP of meat. During the past 10 years, the Norwegian 
meat industry has been using a gas mixture of 60-70% 
C0 2 , 30-40% N 2 and 0.3-0.4% CO for the packaging 
of fresh retail meat, namely beef, pork and lamb. This 
gas mixture with CO maintains a stable, cherry red 
colour combined with a long microbiological shelf life 
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of the meat. The market share of retail meat packaged in 
this CO mixture in Norway is estimated at 50-60% 
(Dag Hallan, pers. commun.). In addition, some meat is 
also initially bulk-packaged in the CO mixture, and 
thereafter repackaged on trays with 0 2 -permeable films 
in retail outlets. In other European countries not using 
such CO mixtures, market shares of retail meat pack- 
aged in atmospheres with a high 0 2 concentration, with 
considerably shorter shelf lifes, have been reported to be 
only 10-40%". 

In this article, we have evaluated the toxicological as- 
pects of CO, and its mode of action and application in 
the MAP of meat 

Technological and hygienic aspects of CO as a 
packaging gas for meat 
Gases for MAP 

The most commonly used gases for the MAP of meat 
are CO,, N 2 and 0 2 , although other gases, including CO, 
nitrous oxide, argon and ozone, have been tried to a 
limited extent 4 . C0 2 inhibits the growth of many micro- 
organisms, but it has no effect per se on the colour of 
meat 6 . C0 2 is absorbed in meat and fat tissue at a ratio 
of -1 litre of gas per kg of tissue 7 . N 2 affects neither the 
microbiology nor the colour of the meat, but prevents 
packages from collapsing, because it is not absorbed by 
the product. 0 2 supports the growth of aerobic micro- 
organisms; thus, removal of 0 2 from the MA will ex- 
tend the microbiological shelf life. High 0 2 concen- 
trations cause meat to have a temporary bright red 
colour; oxygen binds to the muscle pigment myoglobin, 
forming oxymyoglobin, which is gradually oxidized to 
grey-green-brown metmyoglobin 8 (Fig. 1). Gases for 
the packaging of meat are seldom used alone, but in 
mixtures, which vary according to the application. 
Examples of different gas mixtures for the MAP of meat 
are discussed below. 




Carboxymyoglobin 
Cherry red 



+0 2 



Deoxymyoglobin 
Purple 



Oxymyoglobin 
Bright red 




Metmyoglobin 
Brown/green/grey 




Fig. 1 

Myoglobin forms and colour of meat. 

CO and colour 

The main function of low levels of CO in MAs is to 
give meat a stable, cherry red colour, as a result of 
strong binding of CO to myoglobin and the formation of 
carboxymyoglobin 9 (Fig. 1). Although a substantial in- 
crease in the shelf life of meat can be obtained by using 
various MAs, it is often limited by discolouration due to 
the oxidation of myoglobin to metmyoglobin. This dis- 
colouration can be prevented by the inclusion of a low 
level of CO in the gas mixture. 

Carboxymyoglobin is more resistant to oxidation than 
oxymyoglobin, owing to the stronger binding of CO to 
the iron-porphyrin site on the myoglobin molecule 10 . 
CO at concentrations of 1-5% increased the reduction 
of metmyoglobin, even in the presence of air 11 . 

Examples of different gas mixtures that contain CO 
for the packaging of meat are given in Table 1. A mix- 
ture of 2% CO and 98% air was very effective in stabi- 
lizing the colour of beef for 15 d, compared with 5d in 
air alone 12 . Ground beef patties stored in an atmosphere 



Table 1 . Applications of carbon monoxide (CO) in the modified-atmosphere 
packaging of meat 



Gas combinations (%) 



CO 


co 2 


N 2 


o 2 


Air 


Refs 


2 








98 


12 


1 


50 






49 


13 


0.3-10 




90-99.5 






14 


1 


51 


18 


30 




15 


1 


50 


25 


24 




16 


1 


20 


9 


70 




16 


2 


20 


78 






6 


1-5 








95-99 


10 


100 J 










9. 14.17 


0.4 


60 


40 






18 


0.3-0.4 


60-70 


30-40 






b 



'Exposure before packaging 

b Data supplied by Norwegian meat plants 



of 1% CO/50% CO,/49% air retained a stable, red 
colour for at least 6d, whereas the colour of samples 
stored in air was stable for only 3 d 13 . 

The colour of beef was analysed during storage in 
MAs containing N 2 with 0.5-10% CO. Levels of CO 
>0.5% resulted in a stable, red colour for >30d, 
whereas discolouration occurred after 5d storage in 
control samples packaged in air 14 . In addition, samples 
of this beef were exposed to pure CO for 2-16 h before 
packaging in air. The colour stability of the CO-treated 
samples was no greater than that of untreated samples. 
However, in other experiments the exposure of beef to 
CO before vacuum packaging increased its redness and 
colour acceptability during subsequent chilled or frozen 
storage 9 * 17 . Beef loin roasts stored in 1% CO/51% 
COz/30% 02/18% N 2 were shown to have lower levels 
of metmyoglobin on their surface than vacuum-pack- 
aged roasts. After a further 4d on retail display, steaks 
from the roasts underwent less discolouration if they 
had previously been stored in the CO mixture 15 . Ground 
beef and beef loin steaks packaged in 1% CO/50% C0 2 / 
25% N 2 /24% 0 2 or 1% CO/20% 00^9% N/70% 0 2 
retained a stable colour for 29 d 16 . Similarly, beef loin 
steaks packaged in 0.4% CO/60% 00^40% N 2 main- 
tained a stable, cherry red colour for up to 22 d 18 . 
Experiments with beef and higher levels of CO, that is, 
2% CO/20% C0 2 /78% N 2 , resulted in meat that had a 
stable colour; however, its colour was characterized as 
'too artificial' by a sensory panel 6 . 

Based on the cited literature, the presence of 
0.4-1.0% CO in MAs used for the packaging of meat 
^eems sufficient to produce a stable, cherry red colour. 

Cooked, cured meat products can also benefit from 
storage in MAs containing CO. Packaging in 1% CO/ 
99% N 2 stabilized the colour of sliced bologna, indi- 
cating binding between CO and denatured myoglobin 19 . 

Under certain circumstances, an undesirable pink or 
red colour can arise in cooked white meat, such as poul- 
try, and cooked meat products without added nitrite 20 . 
Such colour problems can sometimes be linked with ex- 
posure to CO, which results in similar colours occurring 
after the use of MAs with CO. For example, roasted 
turkey was noted to be pink; this was probably due to 
the presence of CO and nitric oxide in the combustion 
gases in the oven. The pink colour did not occur when 
the turkeys were roasted in complete isolation from the 
oven gases 21 . Combustion engines produce various gases, 
including CO, which can affect live poultry during 
transportation to the abattoir. Meat from chickens that 
were exposed to exhaust fumes immediately before 
slaughter developed an undesired red colour on cooking". 

CO and microbiology 

Generally, the purpose of most of the experiments in- 
vestigating the use of CO as a small component of MAs 
for meat has been to study its effect on colour stability, 
and more seldom its microbiological aspects. The 
growth of psychotropic bacteria on beef stored in MAs 
containing 0.5-10% CO in N 2 was lower, relative to 
controls, resulting in an increase in odour shelf life at 



temperatures in the range of 0-10°C 14 . 
For example, beef packaged in a MA 
of If* CO/99% N 2 had an odour shelf 
life of 24 d, compared with 18 d in 
1007c N,, and 7 d in air at 5°C. How- 
ever, in another experiment with a MA 
of 20% CO 2 /70% Oj/9% N 2f the ad- 
dition of 1% CO had no effect on the 
microbiological growth on ground beef 
and beefsteaks 16 . The presence of bac- 
teriostatic C0 2 in the latter experiment 
apparently reduced the importance of 
the effect of CO on the shelf life of the 
meat. The odour shelf life of steaks of 
beef loins stored in 0.4% CO/60% 
CO 2 /40% N 2 was 4d longer than that of steaks stored in 
70% 0730% C0 2 at 4°C' 8 . Beef steaks that were ex- 
posed to pure CO before vacuum packaging had an ex- 
tended shelf life compared with untreated controls. The 
total aerobic plate, lactic acid bacteria and psychrotropic 
counts of CO-treated steaks were 1-2 log cycles lower 
than those of controls after 8 weeks storage at 4°C 17 . 
In a study using pure bacterial cultures, the presence of 
CO at a concentration of 5-30% in air had no effect on 
the growth of Pseudomonas aeruginosa, inhibited the 
growth rate of Escherichia coli (in proportion to the con- 
centration of CO), increased the lag phase of Achromo- 
bacter and inhibited the growth rate of Pseudomonas 
fluorescens 2} . 

Toxicological aspects of CO 
Health effects of CO 

CO binds to the iron atom of haemoglobin in red 
blood cells, forming carboxyhaemoglobin (COHb). The 
affinity of haemoglobin for CO is -240 times higher 
than its affinity for 0 2 . CO also binds to myoglobin, 
cytochromes and some enzymes, but these reactions are 
considered to be of less importance than the formation 
of COHb 2 . The binding of CO to haemoglobin is re- 
versible, with a half-life of ~4.5 h in individuals who are 
at rest. 

Although CO acts primarily by interfering with 0 2 
transport, it also reduces the delivery of 0 2 to the vari- 
ous tissues 3 . In humans, health effects are mainly mani- 
fested in the cardiovascular system, the nervous system 
and in the foetus. 

The COHb concentration in blood, often referred to as 
the COHb percent (COHb%), is a function of the CO 
concentration in the air, the exposure time, and the level 
of physical activity of the individual 34 (see Table 2). At 
a COHb concentration of -2.5%, the most sensitive 
individuals (patients suffering from cardiovascular dis- 
eases) display changes in cardiac function and report 
chest pain. At somewhat higher COHb concentrations, 
they experience reduced working capacity and the onset 
of angina pectoris on exercise 23 26 . In healthy adults, no 
adverse health effects were described at CO concen- 
trations that result in <5% COHb 27 . 

A small amount of CO is formed naturally in the 
human body, owing to the breakdown of haemoproteins. 



Table 2. Estimate of carboxyhaemoglobin percent (COHb%) in human blood at different 
concentrations of carbon monoxide (CO) in the atmosphere, depending on the level of physical 
activity* 


Exposure 






COHb% 




CO concentration (mg/m J ) 


Time (h) 


At rest 


Moderate activity 


Heavy work 


10 


8 


1.3 


1.4 


1.4 


25 


1 


1.0 


1.5 


2.0 


40 


1 


1.3 


2.2 


2.9 


'Data taken from Ref. 24 



Table 3. Association between different carboxyhaemoglobin (COHb) levels in 
blood and health effects* 


COHb% 


Observed health effects 


>50 


Unconsciousness, lethal if not treated 


£30 


Headache, nausea, vomiting, dizziness 


>10 


Life threatening for heart and lung patients; headache in other 
individuals 


£5 


Reduced maximum oxygen consumption during exercise in healthy 
individuals 


£5 


Reduced visual perception, learning ability and fine motor 
performance 


>5 


The foetus can be affected on carbon monoxide exposure of 
pregnant women 


£2.9 


Angina patients endure less physical strain before experiencing 
attack 


£2.3 


Reduced physical working capacity, especially endurance 


>2 


Possible reduction in attention and ability to concentrate 


£2 


Signs of local lack of oxygen and onset of chest pain in heart 
patients 


'Data taken from Refe 25-27 



Such production leads to a COHb concentration of 
-0.5%. The average COHb concentration in non- 
smokers is 1.2-1.5%, and -3-4% in smokers 27 . 

The absorption and excretion of CO from the body 
occur relatively slowly; thus, exposure to elevated CO 
levels over short time periods will not result in a signifi- 
cant increase in the COHb level in the blood. Table 3 
details the various health effects observed at different 
COHb levels. This table confirms that exposure to CO 
that results in a COHb level greater than -2% should be 
avoided to protect the most vulnerable individuals in the 
population. 

In order to protect the most vulnerable in society, 
a Norwegian expert group on air pollution 27 recom- 
mended maximum CO concentrations for different 
exposure times that will prevent COHb levels from ex- 
ceeding 1.5%, taking into consideration endogenous CO 
formation (Table 4). 



Table 4. Estimates of carbon monoxide (CO) levels in ambient air that will 


result in carboxyhaem 


oglobin (COHb) levels of 1 .5%, including endogenous t 


CO production* 












CO concentration in air (mg/m J ) : 


Exposure time 


At rest 


Moderate activity 


i 

Heavy work 1 


15 min 


170 


80 


52 


30 min 


86 


42 


29 ; 


lh 


48 


24 


18 i 


8h 


11.5 


9.2 


9.2 


! 

•Data taken from Ref. 27 



Exposure to CO on consumption of fresh meat treated 
with a CO gas mixture 

Very little information exists in the literature on the 
exposure to CO following the consumption of meat that 
has been treated with CO gas. The inhalation of air con- 
taining CO at a level of 57 mg/m 3 (the acceptable level 
in working environments in the USA) would provide a 
COHb level for a prolonged time period (hours) of at 
least 14 times that of the level reached temporarily on 
the consumption of 225 g of meat that had been pack- 
aged in CO at the saturation level for myoglobin 14 . In 
this estimate, it was assumed that the saturation of the 
meat myoglobin and haemoglobin was maximal and that 
the transfer of CO from the gastrointestinal tract to the 
blood was 100%. Consequently, even for such a 'worst- 
case' scenario, the treatment of meat with CO gas ap- 
pears to contribute very little to COHb levels, relative to 
levels that are considered safe in the working environ- 
ment. The exposure of beef to an atmosphere containing 
1% CO for 3d resulted in -30% saturation of the meat 
myoglobin 25 . CO is lost from previously CO-treated 
meat during storage in the absence of CO, with a half- 
life of -3d. When the beef was cooked at 195°C, only 
0.1 mg of CO remained per kg of meat. The loss of CO 
amounted to -85%. 

Comparison of CO exposure from air and the 
consumption of gas-treated meat 

Data are very scarce, but comparisons still allow crude 
estimates to be made. An adult inhales -10-20 m 3 of air in 
24 h (depending on their level of activity). This is equiva- 
lent to 0.42-0.84 m 3 /h (or 3.36-6.72 m 3 in 8h). In order 
to prevent a maximum COHb level in the blood of 1.5% 
being exceeded, the CO concentration in air for a 1-h 
period of moderate physical activity should not exceed 
24 mg/m 3 , or 9.2 mg/m 3 in 8 h (according to Table 4). In 
contrast, the consumption of meat that had been treated for 
3d in an atmosphere containing 1% CO yielded -0.1 mg 
of CO per kg of meat on storage and cooking 28 . Based 
on these data, a comparison can be made from the two 
methods of exposure to CO, and is shown in Table 5. 

Equilibrium between CO present in the atmosphere 
and the COHb concentration in blood is reached only 



after a considerable period of time (depending on the 
concentration and level of physical activity). Even in a 
'worst-case' scenario, equilibration between the CO 
concentration in the gastrointestinal tract and blood will 
take time. Furthermore, the absorption of CO from the 
gastrointestinal tract into the blood will in all probability 
be less effective than the absorption of CO from the 
lungs, which are composed of tissues that are designed 
to facilitate gas exchange between the alveoli and the 
blood. Consequently, it is highly probable that the con- 
sumption of one meal of CO-exposed meat per day will 
not result in measurable increases in the COHb level in 
blood. 

Toxicological evaluation of the use of CO as a 
packaging gas for meat 

Unfortunately, the European Union (EU) has not evalu- 
ated CO for use as a packaging gas for meat. How.ever, 
C0 2 and nitrous oxide (N 2 0) have both been approved 
for use for extraction purposes, and it was considered 
unnecessary to adopt an acceptable daily intake (ADI) 
value for these gases in this application 29 . 

In order to avoid possible adverse health effects in 
those individuals who are the most susceptible, a 
Norwegian expert group on air pollution recommended 
maximum CO concentrations in ambient air that result 
in COHb levels not exceeding 1.5% (including endogen- 
ous CO production) 27 . Estimates detailed above indicat 
that, even assuming an improbable 100% absorption of 
CO from the gastrointestinal tract into the blood, the 
consumption of meat that has been treated with 1% CO 
will result in COHb levels that are negligible (approxi- 
mately three orders of magnitude lower) compared with 
those resulting from exposure in the working environment 
to CO at an acceptable level. Consequently, it is highly 
improbable that CO exposure from meat packaged in an 
atmosphere containing up to 0.5% will represent a toxic 
threat to consumers through the formation of COHb. 

Alternatives to the MAP of retail meat 

Currently, the most commonly used MA for the retail 
packaging of meat contains 0 2 at a high concentration in 
combination with C0 2 , such as -70% Oj/30% C0 2 . The 
shelf life of meat in a high 0 2 atmosphere in commer- 
cial practice, typically at temperatures of 6-8°C, is -7 d, 
being limited both by microbiological spoilage and dis- 
colouration. Meat that is stored in a Ugh 0 2 concen- 
tration is often spoiled by bacteria such as Brochothrix 
themxosphacta and pseudomonads 30 . In MAs with a 
high concentration of 0 2 , the meat normally maintains 
its bright red oxymyoglobin colour for 4-7 d before the 
colour starts deteriorating to grey-brown, owing to the 
formation of metmyoglobin 18 . This length of time is 
often not considered to be sufficient to display and sell 
the product. 

The use of MAs with a high concentration of C0 2 , 
either alone or in combination with up to 70% N 2 , 
would increase the microbiological shelf life of the meat 
compared with that of meat in a MA with a high 0 2 con- 
centration. The absence of 0 2 together with the presence 



Exposure method 

Lungs{15mVd) 
Meat (250 g, CO treated) 



of CO : retards microbiological growth. 
Unfortunately, the colour of meat 
packaged in MAs containing C0 2 is 
less satisfactory, being either purple or 
grey-brown due to the formation of 
deoxymyogiobin or metmyoglobin, re- 
spectively. The meat inevitably dis- 
colours when the 0 2 concentration is 
low. Metmyoglobin formation can be avoided by maintain- 
ing O, concentrations <0.01-0.1% for beef 31 and <0.5% 
for pork 32 . These low 0 2 levels, particularly for beef, are 
difficult to achieve in most commercial packaging oper- 
ations, because a small amount of air will unavoidably 
be incorporated in the MAs of the packages. MAs with 
a high C0 2 concentration seem to be useful for retail 
packaging if a low concentration of CO is also included 
to stabilize myoglobin and the meat colour. 

Vacuum packaging is commonly used for the bulk 
storage, transportation and export of meat. However, 
vacuum packaging has not proved to be a successful 
method for the retail packaging of meat, because of the 
purple deoxymyogiobin colour of the meat and the vis- 
ible exudate that occurs in the packages 3 - 30 . Meat that is 
packaged in a vacuum cannot be presented in the bright 
red oxymyoglobin state, which depends on the presence 
of a high concentration of 0 2 WJ \ or in the cherry red 
carboxymyoglobin state, which requires CO to be in- 
cluded in the MA. 

One of the objections that has been raised against the 
use of CO as a packaging gas is the potential hazard it 
might represent to workers in meat plants. Although the 
use of pure CO for mixing in the plant would certainly 
pose such a risk, the delivery of 1% CO in a mixture with 
99% N 2 , which has been the practice of gas suppliers to 
the Norwegian meat industry, is recognized by the health 
authorities to be a very safe handling procedure. 

MAs that contain 60-70% 0 2 must be handled care- 
fully, because they are explosive gas mixtures. Strict 
safety regulations apply to explosive gas mixtures, in- 
creasing the costs of equipment and packaging oper- 
ations. The benefits of a CO mixture is that it carries no 
risk of explosion and therefore does not increase handling 
costs. 

Despite the long-term knowledge of the many advan- 
tages of the use of CO as a component of MAs for meat, 
CO mixtures have not been adopted to any great extent 
by the global meat industry. In many countries, includ- 
ing the USA and countries within the EU, CO is 
presently not permitted for use in the MAP of meat 5 
However, Norwegian food control authorities have not 
opposed the use of CO as a packaging gas at concen- 
trations of up to 0.5%. As a member of the European 
Economic Agreement, Norway is expected to adapt 
gradually to EU food regulations, including those relat- 
ing to gases for the packaging of foods. The Norwegian 
meat industry is therefore preparing an inquiry, to be 
directed at the Norwegian and EU food control author- 
ities, for the continued use of CO in the MAP of red 
meats, which will be partly based on the toxicological 
evaluation described in this article. 



Table 5. Theoretical uptake of carbon monoxide (CO) in btood 



CO intake in 1 h 

24 mgx 0.625 = 
0.025 mg 



15.1 mg 



CO intake in 8 h 

9.2mgX5=46.0mg 
0.025 mg 



Consumers may evaluate the shelf life of packaged 
meat on the basis of its colour. A possible negative as- 
pect of using CO in the MAP of retail meat is concern 
that consumers might misjudge the quality of a product, 
because its true microbiological status may be masked 
by its stable, cherry red carboxymyoglobin colour 1 . 
However, consumers will be able to detect spoilage by 
the presence of off-odours. At the current low concen- 
trations, <0.5%, CO per se seems to have no or only 
minor effects on bacteria and the shelf life of the meat. 
The combination of CO with a high concentration of 
C0 2 , for example 60-70%, is necessary for micro- 
biological control. Although MAP enables centralized 
packaging operations with quality control to be carried 
out, MAP alone cannot guarantee the shelf life of the 
product. Sufficient shelf life can be obtained only 
through the proper quality control of raw materials, 
production, packaging, chill chain and retail conditions. 

Conclusions 

Gas mixtures that contain a low concentration of CO, 
up to 0.5%, and a high concentration of C0 2 , ~70%, 
have many advantages with respect to shelf life, colour 
stability, labour safety and costs. The use of CO at such 
concentrations does not present any toxic threat to con- 
sumers. Considering the benefits the Norwegian meat 
industry has experienced with CO gas mixtures over the 
past decade, potential exists for their wider application 
in the retail packaging of meat. 
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Abstract 

Ground beef, beef loin steaks and pork chops were packaged in modified atmospheres of 0.4% CO/60% CO 2 /40% N 2 and 70% 
O 2 /30% C0 2 . In addition ground beef was packaged in clipped chub packs, beef loin steaks were vacuum packaged, and pork 
chops were packaged in an atmosphere of 60% 00^40% N 2 with each pack containing an 0 2 absorber. The packs were stored in 
the dark at 4 or 8°C for up to 2 i days. Meat in 0.4% CO/60% CO 2 /40% N 2 had a stable bright red colour that lasted beyond the 
time of spoilage. The storage lives in this gas mixture at 4°C, as limited by off-odours, were 11,14 and 21 days for ground beef, beef 
loin steaks and pork chops, respectively. The 70% 02/30% C0 2 atmosphere resulted in an initially bright red to red colour of the 
meat, but the colour was unstable and off-odours developed rapidly. The off-odours probably were caused by Brochothrix thermo- 
sphacta, which grew in all meat types, or by pseudomonads in ground beef. Meat stored in chub packs, vacuum packs or 60% C0 2 / 
40% N 2 with an 0 2 absorber developed off-odours and microflora similar to those of meat in 0.4% CO/60% 03^40% N 2( but 
with less acceptable appearances. These results show that a low CO/high C0 2 atmosphere is effective for preserving retail-ready 
meat. © 1999 Elsevier Science Ltd. All rights reserved. 



1. Introduction 

The main reasons for modified atmosphere packaging 
(MAP) of red meats for retail sale are to prolong the 
microbiological shelf life and to maintain an attractive 
red colour of the product. Modified atmospheres (MA) 
usually consist of carbon dioxide (CO2) for inhibiting 
microbiological growth, oxygen (0 2 ) for enhancing col- 
our and, occasionally, nitrogen (N 2 ) as a filler. The most 
common gas mixture for retail-ready meat contains 
approximately 70% 0 2 and 30% C0 2 , and gives the 
product an extended shelf life compared to air (Gill, 
1996). The shelf life and colour stability of meat stored 
in this gas mixture is still limited. To obtain a stable red 
colour for the meat, low concentrations (< 1%) of car- 
bon monoxide (CO) can be introduced in the MA. 
Then, 0 2 can be removed from the gas mixture and the 
concentration of bacteriostatic C0 2 can be increased. 
Anaerobic conditions extend the shelf life of meat con- 
siderably compared to air and 0 2 -enriched atmospheres 
(Gill & Molin, 1991). CO binds strongly to the meat 
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pigment myoglobin to form stable carboxymyoglobin 
which has a cherry red colour (El-Badawi, Cain, 
Samuels, & Angelmeier, 1964). Low concentrations of 
CO have little effect on the microflora of meat (Clark, 
Lentz, & Roth, 1976; Gee & Brown, 1978; Luno, Bel- 
tran, & Roncales, 1998). 

The Norwegian meat industry has for the past decade 
been using a gas mixture of approximately 0.3-0.5% 
CO, 60-70% C0 2 and 30-40% N 2 in retail-ready 
packages of beef, pork and lamb. Packages with this gas 
mixture now have a 50-60% share of the domestic, 
retail, red meat market. The technological, hygienic and 
toxicological aspects of using CO in MA for meat have 
recently been reviewed with the conclusion that CO 
used in concentrations up to 1% does not present a 
toxic hazard to the consumer (Sorheim, Aune, & Nes- 
bakken, 1997a). However, CO may mask spoilage, 
because the stable cherry red colour can last beyond the 
microbiological shelf life of the meat (Kropf, 1980). 

The inclusion of CO in MA for meat is controversial. 
CO is presently not allowed in MA for meat in the USA 
and in the EU (Cornforth, 1994; European Parliament 
and Council Directive, 1995). However, Norwegian 
food control authorities have up to now not opposed 
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the use of up to 0.5% CO in MA for meat. This would 
change with an adoption of EU food regulations in 
Norway. Consequently, the Norwegian meat industry is 
seeking amendments of current EU food regulations 
relating to the use of CO in MAP of red meats. If the 
use of CO should be disallowed, other means of main- 
taining the long shelf life and the attractive red colour of 
the meat will have to be sought. 

The aim of the present experiments was to compare a 
commercial Norwegian CO/C0 2 /N 2 mixture with alter- 
native gas mixtures and packaging methods for their 
effects on the off-odour, microflora and colour of 
ground beef, beef loin steaks and pork chops stored at 4 
or 8°C for up to 21 days. 



2. Materials and methods 

2.1. Preparation of meat 

2.1.1. Ground beef 

Twenty cow and bull carcasses of Norwegian Red Cat- 
tle, which weighed on average 275 kg, were electrically 
stimulated with 90 V and were chilled using programmed 
air temperatures between 12 and -5°C Two days after 
slaughter the carcasses were deboned, and trimmings with 
14% fat were ground through a 4 mm plate. The batch of 
ground beef was divided into 500 g portions. 

2.1.2. Beef loin steaks 

Loins (m. longissimus lumborum et thoracis) with ulti- 
mate pH values below 5.8 were deboned from 25 bull car- 
casses of Norwegian Red Cattle. These carcasses, which 
weighed on average 275 kg, were stimulated, chilled and 
deboned the same way as the carcasses used in the pre- 
paration of ground beef. The loins were vacuum packaged 
and aged for 1 1 days at 3°C. Thereafter, the loins were cut 
into steaks 2.5 cm thick, and were randomly assigned to 
retail packs which each contained two steaks. 

2.1.3. Pork chops 

Thirty pig carcasses of Norwegian Land Race, which 
weighed on average 75 kg, were blast-chilled. Four days 
after slaughter, bone-in loins were removed and crust-fro- 
zen in liquid N 2 at -50°C for 20 min to facilitate cutting of 
chops. The chops, which were 1 .6 cm thick, were randomly 
assigned to retail packs which each contained two chops. 

2.2. Packaging 

Ground beef, beef loin steaks and pork chops were 
packaged in 0.4% CO/60% CO 2 /40% N 2 (CO mixture) 
and 70% 0^30% C0 2 (high 0 2 ). In addition, ground 
beef was packaged in clipped chub packs, beef loin 
steaks were vacuum packaged and pork chops were 
packaged in 60% CO 2 /40% N 2 with one Ageless® FX- 



100 0 2 absorber (Mitsubishi Gas Chem. Co. Inc., 
Tokyo, Japan) in each pack (mixture with 0 2 absorber). 

The meat was packaged at a commercial meat plant 
within 2 h of grinding or cutting. Meat in the CO 
mixture, the high 0 2 mixture and the mixture with 0 : 
absorber was packaged in an Ilapak Delta 2000 flow- 
packaging machine (Ilapak Machine Auto S.A., Gran- 
cia, Switzerland). The CO mixture was a blend of 1% 
CO/99% N 2 with 100% C0 2 . The high 0 2 mixture was 
used as a preblend. The mixture with 0 2 absorber was a 
blend of 100% N 2 with 100% C0 2 (all gases, Hydrogas, 
Porsgrunn, Norway). The initial gas volume to meat 
weight ratio in the packs was approximately 1.5 to 1. 
The packs consisted of polyethylene trays (Fasrch Plast, 
Holstebro, Denmark) wrapped in Cryovac BDF 550 
shrinking film (Cryovac, Milan, Italy) with an 0 2 
transmission rate of 19 cm 3 /m 2 /24 h/atm at 23°C and 
0% RH. Chub packs of ground beef were packaged in a 
clipping machine (Poly-Clip, Frankfurt, Germany) 
using a red, fishingnet-patterned, polyethylene film 
(SFK, Vidovre, Denmark) with an 0 2 transmission rate 
of 500 cm 3 /m 2 /24 h/atm at 23°C and 0% RH. Beef loin 
steaks were vacuum packaged in a Multivac 5100 
thermo-forming machine (Multivac, Wolfertschwenden, 
Germany) using a terephtalate/polyethylene upper film 
and polyamide/polyethylene lower film with 0 2 trans- 
mission rates of 10 and 16 cm 3 /m 2 /24 h/atm at 23°C and 
0% RH, respectively (Danisco, Horsens, Denmark). 

2.3. Storage and sampling of meat 

Five samples were collected from the ground beef 
batch, beef loins and pork loins before packaging, for 
pH measurements and microbiological analyses. 

The packaged meat was stored in dark chilling rooms 
at 4 ±0.5 or 8 ±0.5°C for up to 21 days at least until off- 
odours developed. Five packs were removed per pro- 
duct, packaging method, storage temperature and sam- 
pling day after the following storage times: 

• ground beef: 2, 4, 6, 8 or 11 days; 

• beef loin steaks: 3, 7, 10 or 14 days; and 

• pork chops: 3, 7, 10, 14, 17 or 21 days. 

2.4. Gas analyses 

The atmospheres of packs with MA were analysed for 
0 2 and C0 2 immediately after packaging (approxi- 
mately every tenth pack) and at sampling (all packs). 0 2 
was determined using a Toray LC 700-F gas analyser 
(Toray Engineering, Osaka, Japan) and C0 2 using a 
Toray PG-100 gas analyser (Toray). The threshold 
levels for the 0 2 and C0 2 analyses were 0.05 and 1%, 
respectively. Gas samples of 10 cm 3 were removed with 
a syringe through selfsealing patches on the packs. 
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2.5. pH 

The pH measurements were made directly in the meat 
with an Ingold Xerolyt gel electrode (Mettler-Toledo 
A.G., Greifensee, Switzerland). 

2.6. Odour 

The meat was evaluated for odours by a three mem- 
ber trained panel between 0.5 and 1 min after opening 
of the packs. The off-odour scale used was: 1 = none, 
3 = slight and 5 = extreme. Scores of 3 or below were 
considered acceptable. 

2.7. Microbiology 

Ten gram meat samples were collected from por- 
tions of the ground beef, and diluted in 90 g peptone 
water. A sample 25 cm 2 and 2-3 mm thick was 
removed from the surface of each beef loin or steak 
and pork loin or chop with a scalpel, and diluted in 
100 ml peptone water. Each sample was macerated in 
a Stomacher for 1 min. Serial 10-fold dilutions of each 
Stomacher fluid were prepared, and 20 ul volumes of 
appropriate dilutions were plated in duplicate on the 
following media: 

• plate count agar (PCA; Difco, Difco Laboratories, 
Detroit, MI, USA) for total viable counts; 

• de Man, Sharpe and Rogosa agar (MRS; Oxoid, 
Unipath Ltd., Basingstoke, Hampshire, UK) 
adjusted to pH 5.7 for lactic acid bacteria (de 
Man, Rogosa, & Sharpe, 1960); 

• streptomycin thallous acetate actidione agar base 
(STAA; CM 881 with selective supplement SR 
151; Oxoid) for Brochothrix thermosphacta] 

• pseudomonads agar base (CFC; CM 559 with 
selective supplement SR 103; Oxoid) for pseudo- 
monads; 

In addition, 1 ml portions of appropriate dilutions 
were plated in duplicate on petrifilm coliform count 
plates (3M Microbiology Products, St. Paul, MN, USA) 
for enumeration of coliforms and Escherichia coli. 

Plates of PCA, MRS, STAA and CFC were incu- 
bated at 20°C for four days, and petrifilm plates at 30°C 
for up to 2 days, all aerobically. Counts were expressed 
as colony forming units (CFU) per g or cm 2 . 

2.8. Colour 

A six-member trained panel evaluated the colour of 
the meat in intact packs under 1200 ±200 lux Warm ton 
Lumilux L36W/31 yellow-white light (Osram, Dram- 
men, Norway). The colour was assessed on a scale 
where 1 = bright red (ground beef and beef loin steaks) 
or light bright red (pork chops), 2 = red (ground beef 



and beef loin steaks) or light red (pork chops), 
3 = slightly brown, grey or green, 4 = moderately brown, 
grey or green and 5 = extremely brown, grey or green 
(National Live Stock and Meat Board, 1991). 

A Minolta Chroma Meter CR-300 (Minolta Camera 
Co., Osaka, Japan) with 8 mm viewing port and illuminant 
D 6 5 was used for measuring CIE a* values (redness). 
The colour was measured directly at the meat surface 
within 1 min of opening of each pack. 

Ground beef in chub packs was not included in the 
colour analyses because the red packaging film hides the 
colour of the product. With pork chops, the colour of only 
the m. longissimus lumborum et thoracis was analysed. 

2.9. Statistics 

Analysis of variance by Tukey's multiple comparisons 
test was performed using the Systat programme, version 
6 (Systat Inc., Evanston, IL, USA). 



3. Results 

5.7. Gas composition 

The initial 0 2 concentrations in packs with the CO 
mixture and the mixture with 0 2 absorber were all 
below 0.5% immediately after packaging. 0 2 was not 
detected in these packs after 2 or 3 days storage. The 
level of 0 2 in packs of high 0 2 was reduced from the 
initial 70 to 60-65% during storage for up to 21 days. 
Concentrations of C0 2 in the packs were generally 
reduced by one fifth after 2 or 3 days storage, and were 
then stable (data not shown). 

3.2. Storage life of ground beef 

The time to develop off-odours was 2 to 3 days longer 
for ground beef stored in the CO mixture and in chub 
packs than in high 0 2 , and it was 4 or 5 days longer at 4 
than at 8°C for all three packaging methods (Table 1). 
In high 0 2 , the total viable counts increased faster and 
were higher (p < 0.01) than for the other two types of 
packaging after 2 days at either 4 or 8°C [Fig. 1(a)]. The 
total viable counts were more than 90% lactic acid 
bacteria (data not shown). The high numbers of lactic 
acid bacteria in ground beef, up to approximately 
log, 0 8 CFU/g, caused a decrease in the pH value from 
the initial 5.7 to 5.2 after 6 days when the meat was 
stored in the CO mixture or chub packs at 8°C (data 
not shown). At 4°C, the pH value was reduced to 5.5 
after 11 days in both those packaging systems. The 
numbers of B. thermosphacta increased, in meat in 
high 0 2 [Fig. 1(b)]. In meat in high 0 2 the numbers 
of pseudomonads increased up to approximately 
log, 0 7 CFU/g, but only to log 10 5 and 6 CFU/g in 
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meat in the CO mixture or chub packs, respectively 
(data not shown). 

Ground beef in the CO mixture had a stable bright 
red colour, as shown by both the low colour scores and 
the high a* values [Fig. 1(c) and (d)]. Meat in high 0 2 
was significantly less red 0? < 0.05) than meat in the CO 
mixture, with higher colour scores and lower a* values 
at day 2 and at later storage times at both 4 and 8°C. 
The colour of meat in high 0 2 deteriorated with time, 
significantly faster (p < 0.01) at 8 than at 4°C. 



Table 1 

Time for development of off-odours in different types of meat in 
various packagings at storage temperatures of 4 or 8°C 



Product 


Packaging* 


Time of 
off-odour 
detection (days) 

4°C 8°C 


Ground beef 


CO mixture 


11 


6 




High 0 2 


8 


4 




Chub packs 


11 


6 


Beef loin steaks 


CO mixture 


14 


7 




High 0 2 


10 


7 




Vacuum packs 


14 


7 


Pork chops 


CO mixture 


21 


14 




High 0 2 


14 


7 




Mixture with 0 2 absorber 


17 


10 



1 CO mixture -modified atmosphere of 0.4% CO/60% CO2/40% 
N : ; High 0 2 = modified atmosphere of 70% 0^30% C0 2 ; Mixture 
with 0 2 absorber- modified atmosphere of 60% CO 2 /40% N 2 with an 
0 2 absorber in the pack. 



33. Storage life of beef loin steaks 

At 4°C, off-odours developed 4 days later in beef loin 
steaks in the CO mixture and in vacuum packs than in 
high 0 2 (Table 1). At 8°C, no differences in the develop- 
ment of off-odours were observed. Off-odours developed 
4 to 7 days earlier in meat at 8 than at 4°C. The type of 
packaging did not significantly affect (p < 0.05) the total 
viable counts on the meat, but the counts were sig- 
nificantly higher {p < 0.01) at 8 than at 4°C after both 3 
and 7 days of storage [Fig. 2(a)]. The numbers of B. 
thermosphacta were less than Iog I0 4CFU/crn 2 in meat in 
all types of packaging at all times, but were significantly 
higher {p < 0.05) on meat in high 0 2 at 7 and 10 days than 
on meat in the CO mixture and in vacuum packs at 
equivalent times [Fig. 2(b)]. The numbers of pseudomonads 
did not exceed log jn 3.5 CFU/cm 2 at any sampling 
time, and were not significantly affected (p > 0.05) by 
the type of packaging or the storage temperature. 

The colour of the beef loin steaks in the CO mixture 
was stable bright red throughout storage at both 4 and 
8°C, as shown by the low colour scores and high a* 
values [Fig. 2(c) and (d)]. Steaks in high 0 2 were also 
bright red with high a* values at day 3, but these steaks 
discoloured gradually between days 3 and 10, sig- 
nificantly faster (p < 0.05) at 8 than at 4°C. Meat in 
vacuum packs was slightly discoloured with low a* 
values throughout storage. The colour scores and a* 
values of vacuum packaged steaks were not significantly 
affected (p > 0.05) by the storage temperature. 



Microbiology colour 




Storage time (days) Storage time (days) 

Fig. I. Mean values {n = 5) for (a) total viable counts, (b) numbers of Brochothrix thermosphacta, (c) visual colour scores and (d) CIE a* values for 
ground beef stored in 0.4% CO/60% COJtOV* N 2 at 4°C (O) or 8° C ( ), in 70% Oj/30% CO, at 4°C (□) or 8°C (■), or in chub packs at 4°C 
(A) or 8°C (A). Colour was assessed on a scale where I = bright red and 5 = extremely discoloured. 
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3.4. Storage life of pork chops 

For pork chops, off-odours developed more slowly in 
meat in the CO mixture than in meat in the mixture with 
0 2 absorbers or in high O2 (Table 1). Off-odours were 
detected 7 days earlier at 8 than at 4°C for chops in each 
type of packaging. The type of packaging did not affect 
the total viable counts on the pork chops [Fig. 3(a)]. 
However, the counts were greater on meat stored at 8 than 
at 4 3 C. The numbers of B. thermosphacta on chops in high 



0 2 were significantly higher {p < 0.01) than on chops in 
the CO mixture or in the mixture with O2 absorbers after 7 
days at 8°C or 10 days at 4°C, and reached approximately 
log| 0 6 CFU/cm 2 [Fig. 3(b)]. The numbers of pseudomo- 
nads did not exceed log, 0 3 CFU/cm 2 on any of the pork 
chops. 

The colour of pork chops in the CO mixture was light 
bright red with high a* values throughout storage [Fig. 3(c) 
and (d)]. Chops in high 0 2 were red at day 3, but dis- 
coloured during storage, significantly faster (p < 0.05) at 



Microbiology 



Colour 




3 7 10 

Storage time (days) 



14 



3 7 10 

Storage time (days) 



14 



Fie. 2. Mean values (n = 5) for (a) total viable counts, (b) numbers of Brochothrix thermosphacta* (c) visual colour scores and (d) CIE a* values for 
beef loin steaks stored in 0.4% CO/60% CO 2 ,'40% N 2 at 4°C (O) or 8°C (•), in 70% 02/30% C0 2 at 4°C (□) or 8°C (■). or in vacuum packs at 
4 e C (V) or 8°C (Y). Colour was assessed on a scale where 1 - bright red and 5 -extremely discoloured. 
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Colour 




e 

o 



3 



7 10 14 17 
Storage time (days) 



21 




7 10 14 17 
Storage time (days) 



21 



Fig. 3. Mean values {n = 5) for (a) total viable counts, (b) numbers of Brochothrix thermosphacta, (c) visual colour scores and (d) CIE a* values for 
pork chops stored in 0.4% CO/60% COi/40% N 2 at 4 e C (O) or 8° C (•), in 70% O 2 /30% C0 2 at 4°C (□) or 8°C (■), or in 60% CO 2 /40% N 2 
with 0 2 absorbers at 4°C (O) or 8°C (♦). Colour was assessed on a scale where 1 - light bright red and 5 -extremely discoloured. 
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8 than at 4°C. Approximately 75% of the chops in high 
0 2 had black back bones at the time of sampling. Chops 
in the mixture with O2 absorbers were moderately dis- 
coloured from day 3 to the end of storage. These chops 
had a* values similar to those of chops in high 0 2 . 



4. Discussion 



4.1. Off-odour and microflora 



- ^ 



The shelf life of the meat, as determined by the time 
to develop off-odours, was influenced by the packaging 
method, the storage temperature and the initial micro- 
biological load on the meat. Storage of meat in the CO 
mixture, in vacuum packs or in chub packs gave the 
longest shelf lives. Meat stored in high 0 2 generally 
developed off-odours 2-7 days earlier at 4 or 8°C than 
meat packaged in the other gas mixtures or by the other 
methods. 

The differences in the rates of development of off- 
odours, as affected by the packaging method, were sel- 
dom related to any differences in numbers of total viable 
counts. However, the development of off-odours from 
the three meat types, especially ground beef and pork 
chops in high 0 2 , coincided with the attainment of high 
numbers of B. thermosphacta. For ground beef, storage 
in the CO mixture retarded growth of B. thermosphacta 
even more than storage in chub packs. At chill tem- 
peratures above 1°C, B. thermosphacta often causes 
spoilage of meat stored in high 0 2 atmospheres (Dainty 
& Mackey, 1992). High concentrations of C0 2 , removal 
of 0 2 and low storage temperature inhibit the growth of 
B. thermosphacta (Gill, 1996; Nissen, Serheim, & 
Dainty, 1996). Pseudomonads probably contributed to 
the off-odours of ground beef. Meat in high 0 2 is often 
spoiled by Pseudomonas spp., but the growth of pseudo- 
monads is retarded under anaerobic conditions (Dainty 
& Mackey, 1992; Gill, 1996). A shift in the metabolism 
of lactic acid bacteria under aerobic conditions can also 
produce off-odours (Nissen et al., 1996). In the present 
experiments, the numbers of coliforms or E. coli did not 
exceed log I0 3 CFU/g or cm 2 in any samples. Therefore, 
those organisms probably did not contribute to off- 
odours. 

For pork chops, the effect of CO on the microflora 
can be evaluated because the gas compositions of the 
CO mixture and of the mixture with 0 2 absorber were 
identical, except for the inclusion of 0.4% CO in the 
former. Although a 4 day increase in the time to develop 
off-odours was observed with the CO mixture, there was 
no significant reduction in the microbiological counts. 
Luno et al. (1998) used 1% CO in high 0 2 atmospheres 
and noted a delay in the onset of off-odours without any 
reduction in the numbers of psychrotrophic bacteria. 
However, Clark et al. (1976) found that the addition of 



0.5-10% CO to N 2 atmospheres reduced the number of 
psychrotrophic bacteria and increased the odour shelf 
life of beef. For example, 1.0% CO in 99% N 2 
increased the time to develop off-odours at 5°C from 
18 to 24 days. The lack of such an effect of CO on 
bacteria in our experiments may be due to the use of 
60% C0 2 overshadowing any effect of CO. 

The use of CO makes it possible to dispense with 0 2 
and so to increase the C0 2 concentration in a MA to 
about 60%. Our data suggest that 0.4% CO probably 
has little or no direct effect on the growth of bacteria. 
Other studies have shown that increasing the C0 2 con- 
centration from 20 to 100% increases the bacteriostatic 
effect of the gas, but the efficiency is highly dependent 
on low storage temperatures (Gill & Molin, 1991; Nis- 
sen et al., 1996). The high C0 2 concentration and 
absence of 0 2 in the CO mixture will favour the growth 
of lactic acid bacteria, which usually cause a mild form 
of spoilage only late in the development of the spoilage 
flora (Gill, 1996). 

The present experiments were performed at accep- 
table and abusive storage temperatures to assess the 
effects of temperatures commonly encountered in the 
distribution and sale of retail-ready meat. The storage 
temperature strongly affected the rates of growth of 
microflora and the time to develop off-odours. Conse- 
quently, independently of the packaging method, the 
shelf life of meat can be considerably extended by 
maintaining low temperatures in the chill chain (Gill & 
Molin, 1991; Nissen et al., 1996). 

4.2. Colour 

The CO mixture gave a stable bright or light bright 
red colour with consistent high values for all three 
products, irrespective of the storage temperature. The 
initial level of residual 0 2 , up to 0.5%, did not adversely 
affect the visual scores and instrumental values for the 
colour of meat stored in the CO mixture. 

CO binds to myoglobin and forms cherry red car- 
boxymyoglobin (El-Badawi et al., 1964). This pigment is 
spectrally similar to the bright red oxymyoglobin which 
normally develops at the surface of fresh meat in air. 
Carboxymyoglobin is less readily oxidized to brown 
metmyoglobin than is oxymyoglobin, because of the 
strong binding of CO to the iron-porphyrin site on the 
myoglobin molecule (Lanier, Carpenter, Toledo, & 
Reagan, 1978; Wolfe, 1980). Consequently, CO in con- 
centrations of 0.5-2.0% enhances and stabilizes a bright 
red colour of meat (Kropf, 1980; Scrheim et al., 1997a). 
In a recent study, 1% CO in combination with 24 or 
70% 0 2 stabilized the colour of beef by reduced forma- 
tion of metmyoglobin after storage at 1°C for up to 29 
days (Luno et al., 1998). However, in a study of beef 
stored in a MA of 2% CO/78% CO2/20% N 2 , the col- 
our of the meat was characterized as "too artificial" by 
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a sensory panel (Renerre & Labadie, 1993). From our 
studies and experience from the Norwegian meat 
industry, 0.4% CO seems sufficient to produce a stable, 
attractive, bright red colour of meat. 

All three meat types stored in high O2 were bright red to 
red with high a* values early in the storage periods, 
approaching the colour of meat in the CO mixture. As the 
microbiological counts of meat in high O2 increased, the 
colour deteriorated, faster at 8 than at 4°C. Meat stored in 
a MA of high 0 2 develops a thicker layer of oxymyoglobin 
than meat stored in air (Renerre & Labadie, 1993). How- 
ever, the oxymyoglobin gradually oxidizes to metmyoglo- 
bin, and the oxidation is faster at higher temperatures. 

For cut bone, haemoglobin released from disrupted 
red blood cells in the marrow will accumulate at the 
surface and ultimately become black after the bone has 
been exposed to air or 0 2 (Gill, 1996). Although bone 
blackening was not considered in the present visual col- 
our evaluation, it can negatively affect the saleability of 
bone-in meat at retail display. The cut bones of pork 
chops stored in high 0 2 blackened during storage, but 
this discoloration was not observed on bones in the CO 
mixture and the mixture with 0 2 absorbers. 

Beef loin steaks stored in vacuum packs were slightly 
discoloured with low a* values at both 4 and 8°C. In 
these packs, meat juices were observed between the 
upper and lower films, but that did not influence the 
colour evaluations. 

0 2 absorbers in packs with high C0 2 facilitate the 
removal of residual 0 2 and maintain atmospheres free 
of 0 2 during storage (Smith, Abe, & Hoshino, 1995). 
Low levels of residual 0 2 , above 0.01-0.15% for beef 
and 0.5-1.0% for pork, will inevitably discolour the 
meat (Penney & Bell, 1993; Gill, 1996; Sorheim et al., 
1997b). When no CO is present in an 0 2 depleted MA, 
it is essential to remove the residual 0 2 as fast and 
completely as possible to avoid formation of metmyo- 
globin. In these experiments, pork chops stored in the 
gas mixture with 0 2 absorbers were moderately dis- 
coloured during the whole storage period at 4 or 8°C. 
Despite the obvious visible differences, these chops had 
similar a* values to the chops in high 0 2 . The dis- 
coloured surface made the chops unfit for sale, even in 
the early stage of storage. The present findings contrast 
with previous results, where the colour of porcine m. 
longissimus thoracis et lumborum was significantly 
improved by using 0 2 absorbers in MAs of C0 2 with 
residual 0 2 (Sorheim et al., 1997b). The present dis- 
coloration could be caused by incomplete use or function 
of the absorbers (Gill, 1996). 

43. Benefits and disadvantages of a MA with low CO I 
high CO 2 

An objection raised against using CO as a small 
component of a MA for retail-ready meat is the possi- 



bility that the colour stability can exceed the micro- 
biological shelf life, with the risk of masking spoilage of 
the meat (Kropf, 1980). Therefore, the consumer must 
evaluate the microbiological condition of meat in a CO 
mixture by off-odours. When a MA with CO is applied 
commercially, it is important to have a proper control 
of the hygienic condition of the meat raw materials and 
the chill chain temperatures. 

CO used in concentrations below 1.0% does not pre- 
sent any hazard to the consumer, because consumption 
of meat packaged in such concentrations of CO will 
result in only negligible levels of carboxyhaemoglobin in 
the blood of consumers (Sorheim et al., 1997a). By 
delivering CO in a 1% mixture with 99% N 2 , which is 
the practice of Norwegian gas suppliers, CO is con- 
sidered safe for use in the working environment. Other 
MAs with high levels of 0 2 , up to 70%, must be regar- 
ded as explosive gas mixtures, which must be used with 
appropriate precautions for safety (Luno et al., 1998). 

The suitability of gas mixtures and packaging meth- 
ods for red meats for retail display depends on their 
ability to both reduce spoilage and stabilize colour. Gas 
mixtures with low concentrations of CO and high con- 
centrations of C0 2 provide a combination of a long 
microbiological shelf life and a stable, bright red colour 
of meat. Meat packaged in a MA with high 0 2 can 
achieve an initial bright red colour, but the micro- 
biological shelf life and the colour stability are both 
considerably lower than those of meat in the CO mix- 
ture. Using CO eliminates the need to have 0 2 as a 
component of the MA. Other MAs and packaging 
methods, like high C0 2 with 0 2 absorbers, chub packs 
and vacuum packs may give a shelf life comparable to 
that of the CO mixture, but with a less acceptable col- 
our or appearance of the meat. Thus, there appears at 
present to be no fully satisfactory alternative to the CO 
mixture used in packaging of retail-ready red meats in 
Norway. 
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The market share of pre-packaged retail meat in 
modified atmospheres in Norway is 60 % 

Due to 

• structure of the retail m^rRet 

• structure of the me^Hhidustry 

• packaging with a gas mixture containing tow levels of 



WHY SO MUCH MAP OF MEAT? 

1 . Benefits for the food stores 

• (ess space, handling and staff resulting in reduced costs 

• better quality, shelf-life and safety 

2. Benefits for the meat industry 

• centralised and efficient packaging 

• better quality control 

• marketing of own trademarks 

3. Developments in gas mixtures, packaging films, machinery 
and distribution concepts 

4. Tracaablllty for the meat is improved 



Cologn , Germany, 22 F bruary 2001 



Oddvin Ssrheim 



carbon monoxide (CO) 




5. Meat is a relatively expensive food 



THE NORWEGIAN MEAT MARKET 



4 big food store chains control 95 % of the food sale 

1300 soft discount food stores have 45 % of the safe 

• low prices and small staff 

• 1 500 -2500 goods maximum 

• no manual fresh meat departments 

• require case-ready pre-packaged meat 

Long transportation, time-consuming distribution 

Meat and meat products are expensive 

Annual meat consumption +60 kg per person (predominant!/ 
beef and pork) 

Almost no import and export, more competition expected 
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In Europe, high 0 2 mix, appr.: 
70-80 % 0 2 + 20-30 % CO z 



Gas mixtures for meat 



CO is allowed in Norway, but not in the 
EU or USA 



In Norway, CO mix, appr. : 

0.3-0.5 % CO + 60-70 C0 2 + 30-40 % N 2 




MICROBIOLOGICAL SHELF LIFE OF MAP MEAT 

Hygiene 

• slaughtering 

• deboning 

• processing and packaging 

Modified atmosphere packaging 

• concentration and volume of C0 2 

• absence of O2 

L wtemp ratures and consistent chill chain 



GAS MIXTURE WITH LOW LEVEL OF CO 

• CO concentrations < 0.5 % 

• stable, bright red colour of meat 

• no or small antimicrobiological effect per $e of CO 

• delivered to the plants in a 1 % CO/ 99 % N 2 mixture, then 
blended with COz 

• the low CO/ high C0 2 mixture is not explosive 

• no toxic hazard to workers in packaging plants 

• no toxic hazard to consumers 




Carboxymyoglobin 
- Cherry red 



Deo xy myoglobin 
Purple 




Oxymyogiobin 
Bright red 
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Gretn/brown/grey 
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Figure 1. 



I tic colour or meat related to different forms oi'ihe pigment myoglobin 



various packagings at storage temperatures of 4 or 8°C 



Product 



Packaging* 



Time of 
off-odour 
detection (days) 



4°C 



8°C 



Ground beef 



Beef loin steaks 



Pork chops 



CO mixture 

High 0 2 
Chub packs 
CO mixture 
High 0 2 
Vacuum packs 
CO mixture 
High 0 2 
Mixture with Oj absorber 



11 
11 



6 
4 
6 



14 
10 
14 



7 
7 
7 



21 
14 

17 



14 

7 

10 



* CO mixture = modified atmosphere of 0.4% CO/60% CO 2 /40% 
High O,- modified atmosphere of 70% O 2 /30% C0 2 ; Mixture 
with 0 3 absorber = modified atmosphere of 60% CO 2 /40% N 2 with an 
0 2 absorber in the pack. 
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qrey/green 
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O 0.4 % CO / 60 % CO,/ 40 % N, at 4°C 
0.4 % CO / 80 % CO,/ 40 % N, at 8'C 
d 70%0,/30%CO,at4'C 
■ 70%0,/30%CO.at8°C 
O Vacuum at 4'C 
+ Vacuum at 8'C 
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Visual colour evaluation of beef loin steaks stored for 14 days 



RETAIL MEAT PACKAGING 
CONCLUSIONS: 

Carb nmon xid gas mixture 

• safe for the consumer 

• safe for the plant workers 

• stable, bright red colour 

Detter safety agajnst some pathogenic bacteria 

• low rate of spoiled products, saving costs 

• but, colour stability can last beyond she f life 
thus potentially masking spoilage 

High oxygen gas mixture 

• short to medium shelf life 

• inltall red colour, but relatively poor colour stability 

wll^ 9 !?* methods (vacuum, skin-packs 
oxygen absorbers, master-packs) 
In general h«w;, 

• long shelf life 

• may have less acceptable colour or appearance 

• mav mclude extra handling, in the stores 



Consumer test of retail 



me? 



Ground Deef 
High o. 
CO mixture 
Casings 

Beef loin steaks 
High o, 
CO mixture 
Vacuum 

Pork chops 
High 0 ; 
CO mixture 
O, adsorbers 



Score* 

3.7 
3.7 
2.5 



4.0 
4.2 
2.9 



3.6 
4.6 

1.9 



125 participants. June 1996 
' Scaie: 

i - will certainly not ouy. £ ■ win certainty 0uy 



CONTINUED AND EXTENDED USE OF 



CO? 



EU allows 

• carbon dioxide 

• nitrogen 

• oxygen 

• argon, helium and dinitrogen oxide 

• out not carbon monoxide 

Label requirement "Packaged in a protective atmosphere" 
hSS^ PermiS6i ° n 10 U3e 00 in <=°<~ons below 0.5 % 



seafood_log9902: Re: Carbon monoxide gas treated trozen tuna Page 1 01 - 



Re: Carbon monoxide gas treated frozen tuna 

howgate (phowgatefarsc.co.uk) 
Sun, 28 Feb 1999 12:05:50 -0000 

• Messages sorted by: [ date ][ thread ][ subject ][ author 1 

• Next message: Liz Brown: "Re: Carbon monoxide gas treated frozen tuna" 

• Previous message: Pamela. Tom: "Re: Carbon mongxjde_gasAreated frozen tuna." 

• Maybe in reply to: AL^rkan Trading: "Carbon monoxide gas treated frozen tuna" 

• Next in thread: Liz Brown: "Re: Carbon monoxide gas treated frozen tuna" 

Subject: carbon monoxide in packaged fish. 
Arkan Trading wrote on 27 February: 

"I have recently heard about carbon monoxide gas treated tuna in the form 
of vacuum packed tuna loins. Can anyone comment on the effect of carbon 
monoxide gas on humans? Is it acceptable according HACCP norms ?" 

It would have been useful if anonymous correspondent from Arkan Trading had 
been a bit more specific about how they came about this information, and 
made clearer if they really meant vacuum packed tuna, MAP tuna, or frozen, 
packaged or not, tuna as the heading has it 

I believe tuna and salmon have been packaged as MAP products with the 
addition of carbon monoxide in the gas mix, but I do not know if this has 
been on a commercial basis. The question of the use of CO with fish 
products was put to me a few months ago and I looked at the literature, 
particularly reviews, on MAP and did not come across any mention of use of 
CO in fish products other than aside in a report by the UK MAFF Advisory 
Committee on the Microbiological Safety of Food, 'Report on Vacuum 
Packaging and Associated Processes 1 to the use CO for maintaining the red 
stripe of salmon, but no references are cited. Of course that does not mean 
it has not been used, even if only on a trial basis. It has been at least 
investigated for red meat products. It gives the meat a pink colour which 
is thought to be desirable. There is a review of this by Sorheim, O., Aune, 
T, & Nesbakken/T. Technological, hygienic and toxicological aspects of 
carbon monoxide used in modified-atmosphere packaging of meat, Trends in 
Food Science & Technology, 1997, 8, 307-3 12. The review refers to meat 
being packaged in gas mixtures containing 60-70% carbon dioxide, 30-40% 
nitrogen, and less than 0.5% CO. The authors concluded there was no health 
risk to consumers of meat packaged in this mixture. 

Whether or not CO in packaged meats or fish presents a risk to health, food 
regulations in some countries will forbid, or at least, not permit, its 
use. The EU Directive on food additives (Council Directive No 95/2/EC of 
20 February 1995 on 'food additives other than colours and 
sweeteners'),does not list CO as a permitted additive so the use of CO in 
packaged fish would not be permitted in the EU. I believe its use for 
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meat/fish products is not permitted in the USA. (though its use for 
vegetable products is), but perhaps someone from FDA would state what the 
position is. 



Peter Howgate 

• Next message: Liz Brown: "Re: Carbon monoxide gas treated frozen tuna" 

• Previous message: Pamela Tom: "Re:. Carbon monoxide gas treated frozen tuna" 

• Maybe in reply to: Al Arkan Trading "Carbon monoxide gas treated frozen tuna" 

• Next in thread: Liz Brown: "Re: Carbon monoxide gas treated frozen tuna" 
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Re: Carbon monoxide gas treated frozen tuna 



Ralph Boragine (rboraginefaseafoodrus.org) 
Mon< 01 Mar 1999 07:08:27 -0500 

• Messages sorted by: UM^thl^Xsu^ 

• Next message: Pamela Tom: "Electron ic Data Loggers" 

. Frf^n™ ™~«»g*- rristianini M "Re: CRAB CORE TEMPERATURE!' 

This is a multi-part message in MIME format 

591 2 1 6EA653 A449 A92 A43F77 

Content-Type: text/plain; charset=us-ascii 
Content-Transfer-Encoding: 7bit 

Liz, 

The response to date from the FDA is we don't: 

L)Have Staff 

2.) Don't see the problem. 

They FDA has procrastinated for nearly 6 months with our congressional folks. 
Ralph Boragine 



The subject came up with apparent interest at the recent Pacific Fisheries 

> Technologist meeting. Following is my understanding of the situation of CO use 
- in the U.S. 1 would appreciate any corrections. 

CO continues to be used in tuna processing in Hawaii to enhance color 

• retention. There is interest among mainland processors as well. 

• Processors argue that CO is one of several compounds added during the normal 
smoking process and therefore shoidd not considered hazardous nor considered an 

> additive. 

The stance the FDA is likely to take will be that CO treatment is an attempt to 
mislead the consumer and will there fore be considererd economic adulteration 

• unless labeled accordingly. The FDA is currently working on a rapid method of 

> identifying products that have been CO treated. 

I look forward to hearing the FDA response. 



^ Liz Brown 

> Seafood Technology Program 

> Sheldon Jackson College 
http: s i -alaska.edu 

801 Lincoln Street 

> Sitka, Alaska 99835 

> 907-747-2554 

> I brow n(asj -alaska.edu 



Liz Brown wrote: 
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59 1 2 1 6EA653 A449A92 A43F77 

Content-Type: text/x-vcard, charset=us-ascii; name= M vcard.vcr 
Content-Transfer-Encoding: 7bit 
Content-Description: Card for Ralph Boragine 
Content-Disposition: attachment; filename="vcard.vcf ' 

begin: vcard 

fn: Ralph Boragine 

n: Boragine;Ralph 

org: RI Seafood Council/American Seafood Institute 

adr: 212 Main Street, Suite 3;;;Wakefield;Rhode Island;02879;USA 

em ai 1 ;i nternet : rb oragi ne@seaf oodrus . org 

tel;work: 401-783-4200 

tel;fax: 401-789-9727 

x-mozilla-cpt: ,0 

x-mozilla-html: FALSE 

version: 2.1 

end: vcard 

59 1 2 1 6EA653 A449A92 A43F77-- 

• Next message: Pamela Tom "Electr on ic Data Loggers" 

• Previous message: Cristia nini, M "Re: CRA B CORE TEMPERATURE" 
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POSTHARVEST HANDLING SYSTEMS: 
MINIMALLY PROCESSED FRUITS AND 
VEGETABLES 

"Minimally processed" horticultural products are prepared and handled to maintain 
their fresh nature while providing convenience to the user Producing minimally 
processed products involves cleaning, washing, trimming, coring, slicing, shredding, 
and so on Other terms used to refer to minimally processed products are "lightly- 
processed." "partially processed." "freshprocessed." and "preprepared " 

Minimally processed fruits and vegetables include peeled and sliced potatoes, 
shredded lettuce and cabbage; washed and trimmed spinach; chilled peach, mango, 
melon, and other fruit slices; vegetable snacks, such as carrot and celery sticks, and 
cauliflower and broccoli florets; packaged mixed salads; cleaned and diced onions; 
peeled and cored pineapple; fresh sauces, peeled citrus fruits, and microwaveable 
fresh vegetable trays 

Whereas most food processing techniques stabilize the products and lengthen their 
storaue and shelf life, light processing of fruits and vegetables increases their 
perishability Because of this and the need for increased sanitation, preparation and 
handling of these products require knowledge of food science and technology and 
postharvest physiology 

Growth in demand has led to increased marketing of fresh horticultural products in 
liuhtly processed form An industry dedicated to this type of food processing has 
been established, and the National Association of Fresh Produce Processors was 
recently formed. 



Physiological Responses 

Minimal processing generally increases the rates of metabolic processes that cause 
deterioration of fresh products The physical damage or wounding caused by 
preparation increases respiration and ethylene production within minutes, and 
associated increases occur in rates of other biochemical reactions responsible for 
chanaes in color (including browning), flavor, texture, and nutritional quality (such 
as vitamin loss). The ureater the degree of processing, the greater the wounding 
response Control of the wound response is the key to providing a processed product 
of uood quality The impact of bruising and wounding can be reduced by cooling the 
product before processing Strict temperature control after processing is also critical 
in reducinu wound-induced metabolic activity, as shown in the respiration data of 
intact and Shredded cabbage stored at different temperatures. Other techniques that 
substantially reduce damage include use of sharp knives, maintenance of stringent 

http://vric.ucdavis.edu/selectnewtopic.minproc.htm 0 



lViiilimait y l luvtdotu l iLiiio cuiu » 



t 

sanitary conditions, and efficient washing and drying (removal of surface moisture) 
of the cut product. 

Microbiological Concerns 

Fruits and vegetables are ecological niches for a diverse and changing microflora, 
which usually does not include types pathogenic to humans. Intact fruits and 
vegetables are safe to eat partly because the surface peel is an effective physical and 
chemical barrier to most microorganisms In addition, if the peel is damaged, the 
acidity of the pulp prevents the growth of organisms, other than the acidtolerant 
fungi and bacteria that are the spoilage organisms usually associated with decay On 
vegetables, the microflora is dominated by soil organisms The normal spoilage 
flora, including the bacteria Envima and Pseiu/omonas, usually have a competitive 
advantage o\ cr other organisms that could potentially be harmful to humans. 

Changes in the environmental conditions surrounding a product can result in 
significant changes in the microflora. The risk of pathogenic bacteria may increase 
with film packaging (high relative humidity and low oxygen conditions), with 
packaging of products of low salt content and high cellular pH and with storaue of 
packaged products at too high temperatures (>5°C or 4I°F). Food pathogens such as 
Clostridium, Yersinia, and Listeria can potentially develop on minimally processed 
fruits and vegetables under such conditions 

With minimally processed products, the increase in cutdamaged surfaces and 
availability of cell nutrients provides conditions that increase" the numbers and types 
of microbes that develop Furthermore the increased handling of the products 
provides greater opportunity for contamination by pathogenic organisms. 

Microbial growth on minimally processed products is controlled principally by good 
sanitation and temperature management. Sanitation of all equipment and use of" 
chlorinated water are standard approaches Low temperature during and after 
processing generally retards microbial growth but may select for psychotropic 
organisms such as Pseudomonads Moisture increases microbial growth, therefore 
removal of wash and cleaning water by centrifugation or other methods is critical. 
Low humidity reduces bacterial growth, although it also leads to drying (wilting and 
shriveling) of the product Low oxygen and elevated carbon dioxide levels, often in 
conjunction with carbon monoxide, retard microbial growth. Plastic film packaging 
materials modify the humidity and atmosphere composition surrounding processed" 
products and therefore may modify the microbial profile. 

Product Preparation 

Minimal processing may occur in a "direct chain" of preparation and handling in 
which the product is processed, distributed, and then marketed or utilized. Many 
products are also handled in an "interrupted chain" in which the product may be 
stored before or after processing or may be processed to different degrees at 
different locations Because of this variation in time and point of processing, it 
would be useful to be able to evaluate the quality of the raw material and predict the 
shelf life of the processed product 
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Minimally processed products may be prepared at the source of production or at 
reeional and local processors Whether a product may be processed at source or 
locally depends on the perishability of the processed form relative to the intact form, 
and on the quality required for the designated use of the product Processing has 
shifted from destination (local) to source processors as improvements m equipment, 
modified atmosphere packaging, and temperature management have become 
available. 

In the past, processed lettuce operations often salvaged lettuce remaining in the 
fields after harvesting for fresh market It is now recognized that first-cut lettuce 
should be used for maximum processed product quality. After trimming and coring, 
piece size mav be reduced with rotating knives or by tearing into saladsize pieces. 
Damage to cells near cut surfaces influences the shelf life and quality of the product 
For example shredded lettuce cut by a sharp knife with a slicing motion has a 
storage life approximately twice that of lettuce cut with a chopping action. Shelf life 
of lettuce is less if a dull knife is used rather than a sharp knife 

Washing the cut product removes sugar and other nutrients at the cut surfaces that 
favor microbial growth and tissue discoloration Because of differences in 
composition and release of nutrients with processing, some products such as 
cabbage are known as "dirty" products It is desirable to maintain separate 
processing lines, or thoroughly clean the line before another product follows 
cabbage. Free moisture must be completely removed after washing. Centrifugation 
is generally used, although vibration screens and air blasts can also be used The 
process should remove at least the same amount of moisture that the product 
retained during processing It has been shown that removal of slightly more moisture 
(i.e., slight desiccation of the product) favors longer postprocessing life. 

Packaging, Modified Atmospheres, and Handling 

Polyvinylchloride (PVC). used primarily for overwrapping, and polypropylene (PP) 
and polyethylene (PE). used for bags, are the films most widely used for packaging 
minimally processed products Multilayered films, often with ethylene vinyl acetate 
(EVA), can be manufactured with differing gas transmission rates. For lettuce 
processed at source, a 2.5 mil 8 percent EVA co-extruded PE bag has been used. 
Products are often packaged under partial vacuum or after flushing with different 
mixtures of uases (oxygen, carbon dioxide, carbon monoxide, and/or nitrogen). 
Vacuum packauing and gas flushing establish the modified atmosphere quickly and 
increase the shelf fife and quality of processed products. For example, browning of 
cut lettuce occurs, before a beneficial atmosphere is established by the product's 
respiration. For other products, such as fastrespiring broccoli florets, impermeable 
barrier films are used with permeable membrane "patches" to modify the 
atmosphere through the product's respiration It is not yet agreed what are the ideal 
films and atmospheres for minimally processed products. In addition to different 
atmosphere requirements for different products, the specifics of the handling chains 
must be taken into account, especially their time delays and temperature 
fluctuations 

The modified atmospheres that best maintain the quality and storage life of 
minimally processed products have an oxygen range of 2 to 8 percent and carbon 
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dioxide concentrations of 5 to 1 5 percent 

Carbon monoxide concentrations of 5 to 10 percent under lov> oxygen (-o percent) 
conditions retard browning and reduce microbial growth, lengthening shelf life in 
lettuce and other products With some nonpermeable barrier-type PE films, an 
elevated oxygen level (25 to 50 percent) is used with carbon monoxide (3 to 10 
percent) to maintain aerobic respiration during the handling period 

The following factors are known to be critical to maintaining quality and shelf life in 
minimally processed products using the highest quality raw product, reducing 
mechanical damage before processing reducing piece size by tearing or by slicing 
with sharp knives^ rinsing cut surfaces to remove released cellular nutrients and kill 
microorganisms, centrifugation to the point of complete water removal or even 
sliuht desiccation, packaging under a slight vacuum with some addition of CO to 
retard discoloration, and maintaining product temperature at 1° to 2°C (34* to 36°F) 
durinu storage and handling Temperature maintenance is currently recognized as 
the most deficient factor 

Other techniques such as irradiation, chemical preservation (dips in ascorbic acid, 
calcium chloride, and/or citnc acid), modification of pH. and reduction of water 
activity (with sugars/salts) may also control deterioration of processed products, 
mainly by controlling microbial growth 

Quality of Minimally Processed Products 

The nature of the demand for minimally processed products requires that they be 
visually acceptable and appealing The products must have a fresh appearance, be of 
consistent quality throughout the package, and reasonably free of defects. Field 
defects such as tipburn on lettuce can reduce the quality of the processed product 
because the brown tissue is distributed throughout the packaged product 

In mixed salads, the quality of the total product is only as good as that of the most 
perishable component This also applies to cleaned and washed spinach and other 
products where differences in leafage or physical damage to leaves may yield a 
product of nonuniform perishability 

Quality assurance programs, long regarded as essential in the processed food 
industry, are difficult to applv to horticultural crops and the corresponding 
minimally processed products Fresh horticultural products have not yet been 
subjected to the same sanitation, labeling, and shelflife requirements as other 
processed foods. 

Marita Cantwell. Extension Vegetable Specialist 
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1 Abstract 

2 Growth of the pathogens Yersinia enterocolitica, Listeria monocytogenes, 

3 Escherichia co//0157:H7 and strains of Salmonella was compared in ground beef 

4 packed in modified atmospheres of 60 % CO J 40 % N 2 /0.4 % CO (high CO J low 

5 CO mixture), 70 % OJ 30 % C0 2 (high 0 2 mixture) and in chub packs. The ground 

6 beef was inoculated with rifampicin-resistant or nalidixic acid/streptomycin-resistant 

7 strains (final concentration 1 0 2 -1 0 3 bacteria/g) and stored at 4 and 1 0 °C for up to 1 4 

8 days. At 4 °C the shelf life based on stable colour and reduced background flora was 

9 prolonged for the high CO J low CO mixture compared to the two other packaging 

1 0 methods, but at 1 0 °C the shelf life was < 8 days for all the packaging methods. 

1 1 Growth of Y. enterocolitica was nearly totally inhibited both at 4 and 1 0 °C in the high 

12 COJ low CO mixture, while the bacterial numbers in the samples packed in the high 

1 3 0 2 mixture increased from about 5x1 0 2 bacteria/g at day 0 to about 1 0 4 at day 5 at 

1 4 4°C and to 1 0 s at 1 0°C. Growth in the chub packs was even higher. Listeria 

1 5 monocytogenes showed very little growth at 4 °C in all treatments. At 1 0 °C there 

1 6 was slow growth from about 5x1 0 3 bacteria/g to about 1 0 4 at day 5 in the high CO J 

17 low CO mixture, while the numbers in the high 0 2 mixture and the chub packs were 

1 8 about 1 0 times higher. Growth of E. coli 01 57:H7 at 1 0 °C in the ground beef was 

19 nearly totally inhibited in both the high COJ low CO mixture and the high 0 2 mixture. 

20 Growth in the chub packs was higher, reaching 10 s bacteria/g on day 5. The 

21 Salmonella strains (S. Typhimurium, S. Dublin, S. Enteritidis and S. enterica 

22 61 :k:1 ,5,(7)) in the ground meat stored at 1 0 °C for 5 and 7 days grew to a higher 

23 number in the high COJ low CO mixture than in the high 0 2 mixture. This study 

24 shows that the prolonged shelf life at 4 °C did not increase growth of Y. enterocolitica 



1 and L. mononcytogenes in ground beef stored in the high CO J low CO mixture 

2 mixture, but the observed growth of strains of salmonella at 10 °C in this mixture and 

3 in chub packs does emphasise the importance of temperature control during storage. 
4 

5 Keywords: 

6 Ground beef, modified atmosphere packaging, high C0 2 , carbon 

7 monoxide, Yersinia enterocolitica, Listeria monocytogenes, Escherichia coli 

8 0157:H7. 
9 



1 1. Introduction 

2 Ground beef for retail sale is most often ready-packed in modified atmospheres 

3 (MA) or in chub packs. MA-packed ground beef has a longer microbiological shelf life 

4 and also maintains an attractive red colour. For the past decade the Norwegian meat 

5 industry has been using a gas mixture of 60-70 % C0 2 , 30-40 % N 2 , 0.3-0.5 % CO. 

6 (The CO comes ready mixed in the N 2 from the supplier.) The reason for adding CO 

7 to the gas mixture is that it will produce a long-lasting cherry-red colour of the meat 

8 (S0rheim et al., 1 999), but the low concentration of CO has little effect on the 

9 microflora of the meat (Clark et al., 1976; Gee and Brown, 1978; Luno et al., 1998). 

1 0 The use of CO at such low concentrations does not present any toxic threat to the 

1 1 consumers (Sarheim et al., 1 997). The most commonly used gas mixture for retail- 

1 2 ready meat in other European countries is 70 % OJ30 % C0 2 (Gill, 1 996) The high 

1 3 oxygen concentration is needed to keep the red colour of the meat (Lambert et al., 

14 1 991 ). It is therefore only possible to obtain half the C0 2 concentration used in the 

1 5 high CO J low CO mixture. The microbiological shelf life of the high 0 2 mixture will be 

1 6 longer than in air, but less than in the high COJ low CO gas mixture (S0rheim et al., 

17 1999). 

18 The inclusion of CO is controversial because the stable cherry-red colour can last 

1 9 beyond the microbiological shelf life of the meat and thus mask spoilage (Kropf , 

20 1 980). The extended shelf life obtained by MAP may under some conditions imply 

21 increased risk of growth of pathogens (Silliker and Wolfe, 1980; Hintlian and 

22 Hotchkiss, 1986; Farber, 1991 ; Lamberts et al., 1991). This issue has also been 

23 discussed by the European Commission (1997). 

24 However, even if meat packed in high COJ low CO mixture acquires a stable 

25 colour, the shelf life based on odour is significantly longer in the high COJ low CO 



1 mixture only at 4 °C (Sorheim et al., 1 999). At this temperature Yersinia enterocolitica 

2 and Listeria monocytogenes are considered to be the most serious pathogens in 

3 meat. At abuse temperatures (>8 °C) Escherichia coli 01 57:H7 and Salmonella spp. 

4 also may grow and increase the health risk to the consumers. In the present study 

5 we wanted to compare growth of these pathogens in ground beef packed in a 

6 commercial Norwegian 60 % CCy40 % N 2 ./0.4 % CO (high C0 2 /low CO mixture) with 

7 growth in a high 0 2 (70 % OJ30 % C0 2 ) gas mixture and in ground beef in chub 

8 packs during storage at 4 and 1 0 °C in order to evaluate the microbiological safety of 

9 the product. 
10 

1 1 2. Materials and methods 

12 2.1. Preparation and packaging of the ground beef 

1 3 The beef carcasses were de-boned, and trimmings with 14 % fat were ground 

1 4 through a 4 mm plate. The batch of ground beef was divided into 500 g portions 

1 5 which were packaged in 0.4 % CO/ 60 % COJ 40 % N 2 (high COJ low CO mixture), 

1 6 70 % OJ 30 % C0 2 (high 0 2 ) or packed in clipped chub packs. The beef was packed 

17 at a commercial meat plant within 1 hour of grinding as described by Sarheim et al. 

18 (1999). 
19 

20 2.2. Bacterial cultures and growth conditions 

21 Strains of the following pathogens were inoculated in the ground beef: Yersinia 

22 enterocolitica (mixture of 3 strains), Listeria monocytogenes (mixture of 3 strains 

23 isolated from cooked sausage, Blom et al., 1997, Nissen and Hoick, 1999), 

24 Escherichia coli 01 57:H7, NCTC 1 200 (National Collection of Type Cultures, 



1 Colindale, London), non-toxic strain (resistant to 1 00 ng/ml nalidixic acid and 1 000 

2 ug/ml streptomycin) and Salmonella enterica subspecies diarizonae serovar 

3 61 :k:1 ,5,(7) (S. enterica 61 :k:1 ,5,(7)), mixture of 3 strains (National Institute of Public 

4 Health, Oslo). The listeria and yersinia strains were made resistant to rifampicin by 

5 spreading 0.1 ml of overnight cultures onto agar plates of TSB medium (Oxoid, CM 

6 129) containing 50 fig/ml rifampicin (Sigma, St.Louis, MO, USA). The growth rates of 

7 the resistant strains were practically equal to those of the parent strains when tested 

8 in TSB medium in a Bioscreen instrument (Labsystem Co., Helsinki, Finland) at the 

9 same temperature, pH and a„ (NaCI) concentrations. 

10 In a second experiment four rifampicin-resistant salmonella strains, S. 

1 1 Typhimurium, S. Dublin, S. Enteritidis and S. enterica 61 :k:1 ,5,(7) were used to 

12 inoculate the MAP- packed ground beef. The growth rates (measured as above) of 

1 3 the resistant strains of S. Enteritidis and S. enterica 61 :k:1 ,5,(7) were essentially the 

14 same as the parent strains while the growth rates of S. Dublin and S. Typhimurium 

1 5 were slightly lower. 
16 

17 2.3. Inoculation and storage 

1 8 After packaging the ground beef was inoculated with stationary cultures (the 

1 9 bacteria were cultivated overnight at 30°C and kept in the refrigerator for 1 day 

20 before use) of the different pathogenic bacteria. The stock cultures were diluted in 

21 peptone water (PW) (Bacto peptone, Difco, 1g/l; NaCI, Merck, 8.5 g/l) and the strains 

22 belonging to the same species or serovars were mixed. Fifty u,l of each pathogen 

23 were inoculated with a syringe through a gas probe self-sealing tape (Toray 

24 Engineering Co. Ltd, England) into one of the corners of the MA packages. The 

25 packages thus had one pathogen inoculated in each corner. In the chub packs the 



1 pathogens were inoculated at least 3 cm apart. Packages inoculated only with V. 

2 enterocolitica and L. monocytogenes only were stored at 4°C and analysed after 0, 2, 

3 5, 8 and 14 days while packages inoculated with all 4 pathogens were stored at 

4 1 0 °C and analysed after 0, 2, 5 and 8 days. 

5 in the second experiment four serovars of «Salmonella» were inoculated in one 

6 corner each of the package of ground beef and which was stored at 10 °C and 

7 analysed after 0, 2, 5 and 7 days. Non-inoculated packages used as controls were 

8 also stored at 10 °C. 
9 

1 0 2.4. Microbial analyses 

1 1 Samples of 25 g ground beef containing the inoculated pathogens were 

12 transferred to a stomacher bag and mixed with 150 ml peptone water (8.5 g NaCI, 

13 1 .0 g peptone/1 000 ml water). One hundred ul of a ten-fold dilution series were 

1 4 plated on blood agar containing 50 u.g/ml rifampicin for L. monocytogenes and Y. 

1 5 enterocolitica or 1 00 u.g/ml nalidixic acid and 1 000 ug/ml streptomycin sulphate for E. 

16 coli 01 57:H7. From the undiluted mixture an aliquot of 1 ml was also plated out. For 

1 7 enumeration of Salmonella spp. the selective medium Brilliant Green Agar (modified) 

1 8 (BGA; Oxoid, Basingstoke, Hampshire, England) was used. The colonies were 

1 9 confirmed on Triple Sugar Iron Agar (TSI; Difco, Detroit, Ml,) and Urea agar (Urea 

20 Agar Base, Oxoid CM53 and Urea Solution, Oxoid SR20) followed by agglutination 

21 by monovalent antisera (provided by the National Institute of Public Health). In the 

22 second experiment, samples for detection of the four salmonella strains were plated 

23 on blood agar containing 50 u,g/ml rifampicin samples from non-inoculated packages 

24 were treated the same way and plated on MRS plates (CM359, Oxoid ), pH 5.7, for 

25 determination of lactic acid bacteria and PCA (Difco, Detroit, Ml, USA) plates for total 



1 counts of bacteria. The plates were incubated at 30°C for up to 2 days, all 

2 aerobically. On each sampling date the packs with MA were analysed for 0 2 and C0 2 

3 and the pH for all samples was measured in the stomacher solution. Samples from 

4 two replicate packages were used for all analyses, except after 7 days storage in 

5 experiment 2 where three replicate packages were analysed. 
6 

7 2.5. Statistical analyses 

8 Microbial data were subjected to analysis of variance (ANOVA) and Tukey's 

9 pairvise comparisons. It was deemed appropriate to perform ANOVA on these data 

1 0 after a log, 0 transformation, thereby obtaining a distribution more akin to the normal 

1 1 distribution on which ANOVA is based. 
12 

13 3. Results 

1 4 As expected the shelf life of the ground beef stored at 4 °C was prolonged in the 

1 5 high CO J low CO mixture compared with the other packaging methods. This was due 

1 6 to the stable colour and reduced background flora resulting in little off-odour. 

1 7 Thus the ground beef packed in the high COJ low CO mixture still had an acceptable 

1 8 smell after 1 4 days of storage at 4 °C, while the beef packed in high 0 2 mixture and 

1 9 in the chub packs had some off-odours. The difference in shelf life was less at 1 0 °C. 

20 After 5 days storage the ground beef packed in the high COJ low CO mixture had an 

21 acceptable smell (except the packages inoculated with salmonella, while beef packed 

22 in the high 0 2 mixture and the chub packs had a slight off-odour. 

23 After 8 days storage there was a strong off-odour for all treatments, but the ground 

24 beef in the high COJ low CO mixture still looked bright red, in.accordance with 

25 Sorheim et al. (1 999). The 0 2 content in the high COj/ low CO mixture was virtually 



1 zero throughout storage at both temperatures. At 10 °C the 0 2 content in the high 0 2 

2 gas mixture decreased from 70 to about 35 % after 8 days storage, probably due to 

3 aerobic bacterial metabolism. The chub packs had an 0 2 -permeable casing which 

4 probably was the cause of the high bacterial growth in these packs at both 

5 temperatures. 

6 Growth of Y. enterocolitica was totally inhibited both at 4 and 10 °C in the high 

7 CO J low CO mixture (Fig. 1a and b), while the number in the samples packed in the 

8 high 0 2 mixture increased from about 5x1 0 2 cfu/g at day 0 to about 1 0 4 cfu/g at day 5 

9 at 4 °C and to 1 0 s cfu/g at 1 0°C. Growth in the chub packs at 4 °C was even higher 

1 0 than in the other treatments. Growth in chub packs was also higher than in high 0 2 at 

11 1 0 °C p=0.007). L monocytogens (Fig. 2a) showed very little growth at 4 °C in all 

12 treatments. At 10 °C (Fig. 2b) there was slow growth (from about 5x1 0 3 bacteria/g to 

13 about 10* at day 5) in the high CO J low CO mixture. This was more than 10-fold 

14 higher cfu/g at day 5 than in the high 0 2 mixture (p= 0.040) and the chub packs 

15 (p=0.035). Ground beef inoculated with £ coli 01 57:H7 and strains of salmonella 

16 was stored at 10°C. Growth of £ coli 01 57:H7 was slow both in the high COJ low 

17 CO mixture and the high 0 2 mixture (Fig. 3) and the numbers were less than 10 4 

1 8 cfu/g at day 5. Growth in the chub packs was greater than in the high COJ low CO- 

1 9 mixture (p=0.01 1 ) and in the high 0 2 mixture (p=0.01 9), reaching 1 0 5 cfu/g. Growth of 

20 lactic acid bacteria in the non-inoculated packages was somewhat inhibited in the 

21 high CO J low CO mixture, especially at 4 °C (Fig. 4). At start of the experiment the 

22 pH in the ground beef was about 5.8 in all packages. After 5 days storage the pH 

23 was about 5.7 in the high COJ low CO mixture, 5.5 in the high 0 2 mixture and 5.3 in 

24 the chub packs. 



1 Due to growth of other bacteria on the selective plates, only approximate numbers 

2 of S. enterica 61 :k:1 ,5,(7) were obtained, but growth of about 1 .5 log units was 

3 observed both in the CO mixture and the chub packs (results not shown). This 

4 increase was not seen in the high 0 2 mixture. To verify these results and check 

5 whether they were valid for other serovars more virulent to humans, such as S. 

6 Typhimurium, S. Dublin and S. Enteritidis, a second experiment was performed. The 

7 results (Fig. 5 a, b, c and d) show that after 2 days of storage at 1 0 °C there was 

8 essentially no growth of the salmonella strains in ground beef packed in the high 

9 CCy low CO mixture and in the high 0 2 mixture, while the numbers of salmonella in 

1 0 the chub packs were about 1 0 fold higher. After 5 days there was a slight off-odour in 

1 1 all the packages except for one package with high COJ low CO mixture which 

1 2 smelled strongly of H 2 S. In this package the numbers of all the salmonella strains 

1 3 were higher than in the replicate package and were of the same magnitude as the 

1 4 numbers in the chub packs. In the 0 2 mixture there was no growth of S. Dublin and 

1 5 S. Enteritidis and only a low growth of S. enterica 61 :k:1 ,5,(7) and S. Typhimurium. 

1 6 The growth of the salmonella strains was still greatly inhibited in the high 0 2 mixture, 

1 7 while growth in the high COJ low CO mixture was just as high or even higher than in 

1 8 the chub packs. 

19 In the non-inoculated packages the lactic acid bacteria rapidly constituted most of 

20 the background flora (not shown). After 5 days storage the numbers were higher in 

21 the chub-packed samples, but after 8 days there were no obvious differences 

22 (Fig. 6). The pH in the non-inoculated ground beef followed the same pattern as in 

23 experiment 1 . 
24 



1 4. Discussion and Conclusions 

2 Ground beef is a high-risk product because pathogens may be mixed into the 

3 ground product which may not be sufficiently heated before consumption. To inhibit 

4 growth of spoilage bacteria and increase shelf life, MAP is often used by retailers. 

5 The question «Do modified atmospheres enhance risk to the consumers health, but 

6 delay signs of spoilage" raised by Hintlian and Hotchkiss (1986) is therefore relevant. 

7 When evaluating the safety of ground beef in the high COj low CO mixture 

8 compared to other commercially available packaging methods, we have focused on 

9 bacteria that show good growth below 1 0 °C and are most relevant for meat 

1 0 products. 

1 1 The ability of Y. enterocolitica to multiply at low temperature is of considerable 

12 concern to food producers, particularly in countries like Australia, Canada, Denmark, 

1 3 Germany, New Zealand, Norway and Sweden where Y. enterocolitica has surpassed 

14 Shigella and now rivals Salmonella and Campylobacter as a cause of acute bacterial 

15 gastroenteritis (Nesbakken, 1999). In our study, growth of Yersinia enterocolitica was 

16 totally inhibited in ground beef packed in the high COJ low CO mixture even at 1 0 °C 

17 while it grew fairly well both in the high 0 2 mixture and in the chub packs. Manui- 

1 8 Tawiah et al. (1 993) found that pork shops packed in different MA with 20 or 40 % 

1 9 C0 2 with or without 0 2 allowed growth of Yersinia enterocolitica, but here the C0 2 

20 concentration was lower than in the high COJ low CO mixture (60 %) used in our 

21 study. 

22 Listeria monocytogenes is also a pathogen that grows well at low temperatures, 

23 but in our study there was no growth of this bacterium in the ground beef in any of 

24 the packages at 4 °C, and only slow growth at 1 0 °C. This agrees with results of 



1 Farber and Daley (1 994) who found no growth of L. monocytogenes in different meat 

2 products when stored at 4 °C. 

3 At the abusive storage temperature of 10 °C, E. coli 01 57:H7 in the chub packs 

4 grew about as fast as the background flora. However, growth was nearly totally 

5 inhibited in the high CO/ low CO mixture and in the high 0 2 mixture. This is in 

6 accordance with the predictive model of Sutherland et al. (1 997). Their study showed 

7 that E. coli 01 57:H7 is relatively tolerant of C0 2 , but growth could be inhibited at 

8 1 0 °C at high C0 2 concentrations and pH < 6.0. 

9 In our study, growth of Salmonella spp. was not inhibited in ground beef packed in 

1 0 high CO/ low CO mixture and stored at 1 0 °C, contrary to what is found in many 

1 1 other studies (e.g. D'Aoust, 1 991 ). Although salmonella may grow well and out- 

1 2 compete the background flora on fresh meat stored at 1 0 °C (Alford and Palumbo, 

1 3 1 969; Mackey and Kerridge, 1 988), most reports claim that growth will be inhibited in 

1 4 MAP at this temperature (Siliker and Wolfe, 1 980; D'Aoust, 1 991 ; Gill and DeLacy, 

15 1 991 ). Nychas and Tasson (1 996) found that high C0 2 atmospheres were more 

1 6 inhibitory for growth of S. Enteritidis on fresh poultry at 1 0 °C than were high 0 2 

17 atmospheres, the opposite of what we found for ground beef. Inhibition of bacterial 

1 8 growth may, however, be influenced by pH, texture and the composition of the 

1 9 product, and Gill and DeLacy (1 991 ) did find growth of S. Typhimurium in high-pH 

20 beef packed in C0 2 and stored at 10 °C. Oxidative stress reactions in salmonella 

21 have recently been reported (Stephen et al., 1 999). This may explain the inhibition of 

22 growth (longer lag phase) in the high 0 2 mixture in our study. 

23 The present study shows that the prolonged shelf life (due to stable colour and 

24 reduced background flora) at 4 °C did not increase the risk of growth of Y. 

25 enterocolitica and L. monocytogenes in ground beef stored in the high CO/ low CO 



1 gas mixture. This is probably due to the high C0 2 concentration that is inhibitory to 

2 most microorganisms (Dixon and Kell, 1989). Even at the abusive temperature of 

3 1 0 °C, the numbers of pathogens at the end of the shelf life (5 days) were less or the 

4 same as were found in the chub packs. The observed growth of salmonella in the CO 

5 mixture and chub packs does however emphasise the importance of temperature 

6 control during storage. There is a wide range of temperature criteria for chilled foods 

7 at retail in European countries. The values range from -1 °C to 10 °C t with most 

8 temperatures being between 4 and 8 °C (European Commission, 1996). These 

9 aspects should also be considered together with the conclusions of the EU report 

10 (European Commission, 1997) which state that MAP has proven to enhance the 

1 1 product quality by inhibiting the spoilage bacteria. MAP may also constitute a hurdle 

12 to the growth of some pathogens, and the safety of MAP products are mostly 

1 3 threatened by temperature abuse. 
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1 Fig. 1 . Growth of Yersinia enterocolitica inoculated in ground beef packed in high 

2 COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N 2 ), high 0 2 (70 % OJ 30 % C0 2 ) 

3 or in chub packs. The ground beef was stored at a, 4 °C or b, 1 0 °C. 
4 

5 Fig. 2. Growth of Listeria monocytogenes inoculated in ground beef packed in high 

6 CO/ low CO mixture (0.4 % CO/ 60 % COJ 40 % N 2 ), high 0 2 (70 % 0/ 30 % C0 2 ) 

7 or in chub packs. The ground beef was stored at a, 4 °C or b, 1 0 °C. 
8 

9 Fig. 3. Growth of Escherichia co//0157: H7 inoculated in ground beef packed in high 

1 0 COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N 2 ), high 0 2 (70 % OJ 30 % C0 2 ) 

11 or in chub packs, stored at 1 0 °C. 
12 

1 3 Fig. 4. Growth of lactic acid bacteria (cfu/g on MRS, pH 5.7) in non-inoculated ground 

1 4 beef packed in high COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N 2 ), high 0 2 

1 5 (70 % OJ 30 % C0 2 ) or in chub packs. The ground beef was stored at a, 4°C or b, 1 0 

16 °C. 
17 

18 Fig. 5. Growth of strains of Salmonellae inoculated in ground beef packed in high 

1 9 COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N 2 ), high 0 2 (70 % 0/ 30 % C0 2 ) 

20 or in chub packs, stored 10 °C. a. S.Typhimurium b. S. Dublin c. S. Enteritidis d. S. 

21 enterica 61 :k:1, 5,(7). 
22 

23 Fig. 6. Growth of lactic acid bacteria (cfu/g on MRS, pH 5.7) in non-inoculated ground 

24 beef packed in high COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N 2 ), high O z 



1 (70 % OJ 30 % C0 2 ) or in chub packs. The ground beef was stored at a, 4 °C or b, 

2 10 °C. 
3 
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The Use of CO as a Packaging Gas for Fresh Meat. 



By Magne Yndestad 

A previous report on the use of CO as a packaging gas concluded that there is unsatisfactory 
documentation on factors such as the development of pathogenic bacteria in the gas mixture in question 
(0.4% CO/60% CO 2 /40% N 2 ). The Norwegian Research Center for Meat forwarded recent and 
complementary documentation on September 13, 1999. 

Following scientific review, the content of this documentation can be summed up as follows: 
Bacteriological Conditions 

Numerous studies have been undertaken regarding trial storage involving concentrations of CO^ in a 
range consistent with the "Norwegian" mixture (60-75% CO? ). Moreover, there are articles documenting 
the bactericidal effect of various other concentrations of gas mixtures containing CO: - The conclusion to 
these trials is the following: 

The low CO concentration (<0.5 CO) has no apparent effect on bacterial flora in products packaged with 
gas. This also holds true for N 2 (filler gas). 

Concentrations of C0 2 below 5% may stimulate the growth of certain types of bacteria. Between 5 and 
50%, we see an approximately linear inhibiting effect. This effect is somewhat significant, since the 
inhibition of growth of the sensitive flora is as much as 50% at 10% CO: • The documented effect of C0 2 
in high concentrations primarily applies to the psychrotrophic flora, including the most important spoilage 
bacteria. 

As for the pathogenic bacteria, scientific literature in general points to the same tendency, i.e. inhibition 
of growth at both 4°C and higher temperatures (e.g. 10° C). 

In comparison to other packaging methods or gas mixtures used, the mixture in question seems favorable 
both in terms of storage life and in terms of the relevant pathogens. 

Following the last round of applications. The Norwegian Research Center for Meat has performed a 
relatively extensive study on freshly ground meat packaged in 0.3-0.5% CO/60-70% C0 2 and 30-40% N 2 . 
Various pathogens, such as E.coli Ol 57:H7, Listeria monocytogenes, and Yersinia enterocolitica were 
tested in this trial. The Research Center has evaluated factors such as the important possibility that the 
strong suppression of the general psychotropic flora may favor certain pathogens, which will not be 
inhibited to the same degree. The main conclusion, however, is that the aforementioned pathogens are 
inhibited both at 4°C and 10°C. Comparing the CO packaging method to packaging employing a high 
concentration of 0 2 or vacuum, shows that the risk for growth of the applied pathogens is identical or 
lower when packaging with CO. 

The Research Center has studied the circumstances concerning salmonella bacteria and the gas mixture in 
question in the same products. Since none of the cultures grew at +4°C, studies were onlv undertaken at 

10°C. 

In this case, storage with packaging gas containing CO performed worst with regard to S. dublin, S. 
enteritidis and S.diarizonae, as a relatively strong growth occurred following Day 2. S. typhiinuriwn too 
had considerable growth, although "sausage" packaging scored lower. 
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Bruk av CO som pakkegass til ferskt kj0tt. * 

av Magne Yndestad 

I en tidligere utredning om baik av CO som pakkegass ble det konkludert med at det forel& 
noe mangelfull dokumentasjon pS blant annet utvikling av patogene bakterier i den aktuelle 
gassblanding (0,4% CO/60% CO 2 /40% N 2 ). Fagsenteret for kjett har den 13. September -99 
oversendt ny og utfyllende dokumentasjon. 

Etter en faglig gjennomgang kan innholdet i dokumentasjonen oppsummeres slik: 
Bakterioloeiske forhold 

Det foreligger en rekke arbeider som omhandler lagringsforsck med CO, konsentrasjoner i det 
aktuelle omr&det for den «norske» blandingen (60-75% C0 2 ). Det foreligger ogs& artikler som 
dokumenterer den bakteriehemmende effekten av ulike andre konsentrasjoner av C0 2 
gassblandinger. Konklusjonen p& disse forsokene er: 

Den lave konsentrasjonen av CO (<0,5 CO) synes ikke & ha noen innvirkning p& 
bakteriefloraen i gasspakkede produkter, det samme kan sies om N 2 (fyllgass). 

C0 2 konsentrasjoner under 5% kan stimulere vekst av visse grupper av bakterier. Mellom 5 
og 50% ser man en tilnasrmet lineaer hemmende effekt. Denne effekten er tildels betydelig, 
siledes er hemmingen i veksten p& den sensitive floraen hele 50% ved 10% C0 2 . 
Den dokumenterte effekten av C0 2 i taye konsentrasjoner omfatter fiarst og fremst den 
psykrotrofe floraen herunder de viktigste bedervelsesbakteriene. 

N&r det gj elder de patogene bakteriene ser man ved litteraturgjennomgang generelt sett den 
samme tendensen, nemlig en hemming i vekst ved b&de 4°C og hoyere temperaturerer (for 
eksempel 10°C). 

Sammenligner man med andre pakkemetoder/andre brukte gassblandinger synes den omsokte 
blandingen k komme gunstig ut b&de nkv det ej elder holdbarhet og med hensyn til aktuelle 
patogener. 

Etter forrige soknadsrunde har «Fagsenteret for kjott» utfort et relativt omfattende forsok med 
fersk hakket kjott pakket i 0,3-0,5% CO/60-70% C0 2 og 30-40% N 2 . Ulike patogener som 
E.coli 0157:H7, Listeria monocytogenes og Yersinia enterocolitica ble testet i forsoket. 
Fagsenteret har her blant annet vurdert det viktige forholdet at det kan tenkes at den sterke 
undertrykkelsen av den generelle psyktrofe flora kanskje vil favorisere enkelte patogene, som 
ikke hemmes like mye. Hovedkonklusjonen er imidlertid at de nevnte patogener hemmes b&de 
ved 4°C og 10°C. Ved & sammenligne CO-pakkemetoden ved pakking i tag 0 2 eller vakuum 
er risikoen for oppvekst av de anvendte patogener lik eller lavere ved CO-pakking. 

Fagsenteret har ogsi undersokt forholdene omkring salmonellabakterier og den aktuelle 
gassblanding i samme produkter. Da ingen av stammene vokste ved +4°C ble det bare utfort 
forsok ved 10°C. 

Her kom pakkegass med CO dirligst ut ved lagring nlr det gjaldt S.dublin, S.enteritidis og 
S.diarizonae idet en etter dag 2 fikk en relativt kraftig oppvekst. Ogsk S.typhimurium vokste 
godt selv om «Snabb»-pakking kom dlrligere ut. 



This is completely in line with what is known about a whole range of salmonella bacteria in foods, i.e. 
that they hold up very well when competing with other bacteria, and also grow very well at temperatures 
around 8-1 0°C. 

These facts emphasize the importance of cooling regardless of what packaging method is chosen. 
Sensorial Circumstances 

The last report pointed to the particular fact that the CO packaged meat could retain a fresh red color for 
days after spoilage set in. Hence, the consumer cannot see whether the meat he or she buys is spoiled, as 
opposed to fresh meat packaged in other types of gas packaging. 

The Research Center notes that when opening a package, the consumer will detect any spoilage odor , and 
hence not eat the product. This may be true, but it is a fact that main' people won't react to any incipient 
decay when the products looks completely "fresh." However, the packaging method for which approval is 
sought is meant for fresh meat that will be treated with heat prior to use. This is an additional safety factor 
that is important in a comprehensive evaluation. 

Conclusion 

The first bacteriological/sanitary statement made was based on the documentation available at the time. 
The new data and other relevant information from scientific literature indicate that there is sufficient 
evidence that the use of CO as a packaging gas as described in the application won't result in any 
increased risk of transmittal of food-borne diseases among consumers. 
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Dette er helt i samsvar med det man vet om en rekke typer av salmonellabakterier i 
nasringsmidler, nemlig at de klarer seg meget bra i konkurranse med andre bakterier, samtidig 
med at de vokser svasrt godt ved temperaturer omkring 8-lO°C. 

Nevnte forhold understreker betydning av kjoling uansett hvilken pakkemetode man velger. 
Sensoriske forhold 

Den forrige utredningen pekte pi det spesielle forhold at kjottet i CO-pakningen kunne ha en 
frisk rodfarge i flere dager etter inntridt bedervelse. En forbruker kan altsi ikke se om det 
kjottet vedkommende kjoper er bedervet i motsetning til hva som er tilfelle med ferskt kjott 
pakket i andre gasspakninger. 

Fagsenteret anferer at en ved ipning av en pakke vil merke eventuell bedervelseslukt og 
derfor ikke spise produktet. Dette er nok riktig, men det er en kjennsgjerning at en del 
mennesker reagerer mindre pi begynnende bedervelse nir produktet ser helt «ferskt ut». 
Pakkemetoden det sokes godkjennelse for gjelder imidlertid ferskt kjott som skal 
varmebehandles fer kjottet anvendes. Dette gir en ekstra sikkerhetsfaktor som er viktig ved 
en helhetsvurdering. 

Konklusion 

Den forste bakteriologiskliygieniske uttalelsen som ble avgitt var basert pi den 
dokumentasjon en da hadde til ridighet. 

Ved gjennomgang av nye tilsendte data og andre relevante opplysninger fra faglitteraturen, 
firmer en det tilstrekkelig dokumentert at bruk av CO som pakkegass som beskrevet i 
soknaden, ikke vil medfore cket risiko for matbirne sykdommer hos konsumentene. 



[Handwritten:] 

From the report "Fresh Meat in Consumer Packaging" with modified gas containing C() : [illegible] 



IV. Report by Tore Aune: "Fresh Meat in Consumer Packaging - A 
Toxicological Evaluation of the Use of up to 0.5% CO in a Gas Mixture." 
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IV. Rapport fra Tore Aune: "Ferskt kjott i forbrukerpakning - en toksiko- 
logisk vurdering av bruk av CO med opptil 0,5% av gassblanding" 



FRESH MEAT IN CONSUMER PACKAGING - A TOXICOLOGICAL EVALUATION OF THE USE 
OF UP TO 0.5% CO IN A GAS MIXTURE 



Bv Tore Anne 



Carbon monoxide (CO) is a colorless gas that is primarily generated by incomplete combustion of organic 
material. The background concentration of CO in the atmosphere is approximately 0.01-0.09mg/m , 
(0.009-0.08 ppm). while the concentration in larger cities may excede 50mg/ivT as an 8 hour mean. a 



depending on traffic. 



1? 



General Health Effects ^ 
CO attaches to the iron of the hemoglobin in the red blood cells during generation of carboxyhemoglobin 
(COHb), and can thus affect the transport of oxygen in the blood and the supply of oxygen to the tissues. 
Compared to its affinity to oxygen, hemoglobin has approximately 240 times greater affinity to CO. CO 
also attaches to myoglobin, cytochromes, and some other enzymes, but these reactions are considered less 
important than the formation of carboxyhemoglobin (WHO 1979). The health impact on humans is 
mainly restricted to effects on the cardiovascular system, the nervous system, and certain types of proteins 
and cells in the bloodstream, as well as effects on embryos (SFT 1992). 

The carboxyhemoglobin percentage (COHb %) is a function of the CO concentration in the inhaled air, 
the exposure time and the level of physical activity (Cobum et aL 1 965) (see Table I ). A CO exposure 
resulting in a COHb concentration above 2% in the bloodstream of the most sensitive individuals 
(cardiovascular patients) has been shown to give symptoms of localized oxygen deficit and chest pains. 
Reduced work capacity occurs at a somewhat higher COHb%. and persons suffering from angina can 
tolerate less strain before an attack occurs. No health effects have been detected in healthy adults at 
COHb concentrations below 5%. 

Table I : Blood carboxyhemoglobin percentage as a function of CO concentration in air. exposure time 
and different degrees of physical activity (Coburn et aL, 1965 ): 





Exposure 




COHb% 




CO Cone. 


Time in Hours: 


At rest 


Moderate Activity 


Strenuous Activity 


10 mg/rrT 


8 


1.3 


1.4 


1.4 


25 mg/nr' 


1 


1.0 


1.5 


2.0 


40 mg/m ' 


1 


1.3 


2.2 


2.9 
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FERSKT KJ0TT I FORBRUKERPAKNING - EN TOKSIKOLOGISK VURDERING AV 
BRUK AV CO MED OPPTIL 0.5% AV GASSBLANDING 

Av Tore Aune 



Karbonmonoksid (CO) eren fargelos gass som stort sett stammer fra ufullstendig forbrenning 
av organisk materiale. Bakgrunnskonsentrasjonen av CO i atmosfsren er ca. 0,01-0,09 mg/nr 
(0.009-0,08 ppm). mens konsentrasjonen i storre byer kan overskride 50 mg/nr som 8-timers 
middel, avhengig av biltrafikken. 

Helseeffekter, generelt 

CO binder seg til hemoglobinets jern i de rode blodlegemene under dannelse av 
karboksyhemoglobin (COHb), og kan derved pavirke oksygentransponen i blodet og tilforselen 
av oksygen til vevene. Hemoglobin har ca. 240 ganger storre affinitet til CO. sammenlignet 
med affiniteten til oksygen. CO binder seg ogsa til myoglobin, cytokromer og noen andre 
enzymer, men disse reaksjonene betraktes som mindre viktige enn dannelsen av 
karboksyhemoglobin (WHO 1979). Helseeffektene hos mennesker begrenser seg stort sett til 
effekter pa hjerte-karsystemet, nervesystemet. og visse typer proteiner og celler i blodet, samt 
pa foster (SFT 1992). 

Karboksyhemoglobin-prosenten (COHb-%) er en funksjon av CO-konsentrasjonen i 
innandingsluften, eksponeringstiden og nivaet av fysisk aktivitet (Coburn et al., 1965) (se tabell 
I). En CO-eksponering som resulterer i en COHb-konsentrasjon pa over 2% i blodet hos de 
mest mottagelige personer (hjerte-kar pasienter) har gitt tegn pa lokal oksygenmangel og 
brystsmerter. Ved noe h0yere COHb% inntrer nedsatt arbeidskapasitet, og 
hjertekrampepasienter taler mindre belastning for anfall inntreffer. Hos friske, voksne 
mennesker er det ikke pavist helseeffekter ved lavere COHb-konsentrasjoner enn 5%. 

Tabell 1 : Karboksyhemoglobin-prosenten i blodet som funksjon av CO-konsentrasjonen i luft, 
eksponeringstiden og ulik grad av fysisk aktivitet (Coburn et al., 1965): 



Eksponering 




COHb% 




CO-konc. Tid.timer 


I hvile 


Moderat aktivitet 


Tungt arbeid 


10 mg/m 3 8 


1,3 


1,4 


1,4 


25 « l 


1,0 


1,5 


2,0 


40 « i 


1.3 


2.2 


2.9 



CO attachment to the hemoglobin is reversible. The half-life at ventilation at rest is approximately 4.5 
hours. 

A small amount of CO is continually formed in the body as a result of the decomposition of substances 
such as hemoproteins. This results in a COHb% of approximately 0.5. The uptake of CO through 
inhalation comes in addition to that. The average COHb level in non-smokers is estimated at 1 .2-1 .5%. 
while the level is 3-4% in smokers. 

Survey of Health Effects Associated with CO Exposure 

The negative health effects of CO are due to the fact that CO competes with oxygen for points of 
attachments on the hemoglobin molecule. Moreover, the release of oxygen in the tissues is reduced 
(WGHO 1987). Myoglobin is closely related to hemoglobin. It stores oxygen and promotes the diffusion 
of oxygen to muscle cells. In cardiac and skeletal muscles, myoglobin binds CO with an affinity that is 
30-50 times higher than the corresponding affinity for oxygen. No reported studies have shown that the 
binding of CO to myoglobin can cause any health effect at a COHb level of 4-5%. 
Uptake and liberation of CO occur at a relatively slow pace (hours), which means that short-time 
exposure to elevated CO levels will not result in any noticeable increase in the COHb level. SFT report 
No. 92/16 (1992) includes an overview of the correlation between blood COHb levels and health effects 
(Table 2). 



Table 2: Correlation between blood carboxyhemoglobin levels and health effects (SFT 1992): 



COHb% 


Observed Effects in Humans: 


50 and above 


Unconsciousness, lethal when untreated. 


30 and above 


Headache, dizziness, nausea, and vomiting. 


1 0 and above 


May be lethal to cardiovascular patients. Headache in healthy individuals. 


5 and above 


Reduction of peak oxygen consumption under strenuous activity in healthy individuals. 


5 and above 


Impaired vision, learning ability and fine motor response. 


5 and above 


Exposure during pregnancy may affect the embryo. 


2.9 and above 


Individuals suffering from angina can tolerate less strain before an attack occurs. 


2.3 and above 


Reduced capacity for physical work, especially stamina. 


2 and above 


Possible reduced ability to concentrate and pay attention. 


2 and above 


Symptoms of localized oxygen deficit and incipient chest pains in cardiac patients. 



The literature in the field does not seem to indicate that health effects have been proven in healthy adults 
exposed to CO resulting in a blood COHb concentration of less than 5%. 
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Bindingen av CO til hemoglobinet er reversibel. Halveringstiden ved utluftning under hvile er 

omtrent 4 i/2 time. 

En liten mengde CO dannes kontinuerlig i kroppen som resultat av nedbrvtnin* av bl a 
hemoproteine, Dette resulterer i en COHb% P d ca. 0,5. Opptaket av CO gjennom innand.ne 
kommer , t.llegg. Gjennomsnittlig COHb-niva hos den ikke-roykende del av befolkningen 
ligger pa 1 ,2- 1 ,5%, mens den hos roykere ligger rundt 3-4%. 

Oversikt over helseeffekter assosiert med CO-eksponering 

CO's helseskadelige virkninger skyldes at CO konkurrerer med oksygen om bindingsstedene 
pa hemoglobinmolekylet. Dessuten reduseres frisettingen av oksygen i vevene (WHO 1987) 
Myoglobin er nsrbeslektet med hemoglobin. Det lagrer oksygen og fremmer diffusjon av 
oksygen til muskelceller. I hjerte- og skjelettmuskler binder myoglobin CO med en affinitet 
som er 30-50 ganger hoyere enn tilsvarende for oksygen. Det er ikke rapportert at binding av 
CO til myoglobin kan forarsake noen helseeffekt ved et COHb-niva pa 4-5%. 
Opptak og utskillelse av CO foregdr relativt langsomt (timer), og det innebsrer at kortvari* 
eksponering for forhoyete CO-nivaer ikke vil resultere i merkbar okning i COHb-nivaet I SFT- 
rapport nr. 92/16 (1992) er det gitt en oppstilling over sammenhengen mellom COHb-nivaer i 
blodet og helseeffekter (tabell 2). 

Tabell 2: Sammenheng mellom karboksyhemoglobinnivaer i blodet og helseeffekter (SFT 
1992): 



COHb%: 



50 og h0yere 
30 og h0yere 
lOog hoyere 
5 og hoy ere 
5 og hoyere 
5 og h0yere 
2,9 og hoyere 
2,3 og hoyere 
2 og hoyere 
2 og hoyere 



Observert e virkninoer pa mennpskpr- 



Bevisstloshet, dodelig dersom man ikke behandles. 
Hodepine, svimmelhet, kvalme og oppkast. 

Kan vsre livstruende for hjerte- og lungepasienter. Hodepine hos andre. 
Reduksjon av maksimalt oksygenforbruk under anstrengelse, friske. 
Nedsatt synsoppfattelse, laeringsevne og finmotorikJc. 
Ved eksponering av gravide kan fosteret pavirkes. 
Hjertekrampepasienter taler mindre belastning for anfall opptrer. 
Nedsatt fysisk arbeidskapasitet, isasr utholdenhet. 
Mulig nedsatt oppmerksomhet og konsentrasjonsevne. 
Tegn pa lokal oksygenmangel og begynnende brystsmerter hos 
hjertepasienter. 



E..er gjennomgang av litteraturen pa ora rade. synes det ikke som om m an har pdvis, 
hdseeffeto ho S fri Ske , voksnc menncsker som er utsau for CO som gir mindre enn 5% 



However, the data indicate that a COHb level of 2-3% may have negative effects on sick and sensitive 
indiv iduals, such as people suffering from cardiovascular diseases. 

Exposure to CO through the Air 

With regard to CO as an air pollution factor, a team of Norwegian experts (SFT 1992) suggested air 
quality criteria at CO concentrations resulting in a maximum of 1 .5% COHb during light physical activity 
(including the CO produced endogenically). The correlation between CO concentration, activity level, 
and exposure time in order not to exceed 1 .5% blood COHb is shown in Table 3. 



Table 3: Calculation of CO concentrations in the air resulting in a COHb level of 1 .5%. including 
endogenic CO production (SFT 1992): 



Exposure Time: 


CO Concentration, mc/nv 


At Rest: 


Moderate Physical Activity: 


Strenuous Physical Activity: 


1 5 min 


170 


80 


52 


30 min 


86 


42 


29 


1 hour 


48 


24 


18 


8 hours 


11.5 


9.2 


9.2 



Exposure to CO through Consumption of Fresh Meat Treated with a Gas Mixture 
There is a paucity of information in scientific literature concernina exposure to CO through the 
consumption of fresh meat treated with a gas mixture containing CO. One of the most interesting 
references in this regard is a 1954 publication by A. L. Tappel et al., which is unfortunately not easily 
accessible. However, their work has been cited in other publications, e.g. in the study by Clark et al. 
(1976): Tappel et al. considered a US industrial sanitary norm for CO of 50 ppm (8 hours/day), and found 
that such exposure would result in a blood COHb level over a longer period of time that is approximately 
14 times higher than the temporary increase caused by consumption of approximately 225 g meat, 
provided that the myoglobin and hemoglobin in the meat are saturated with CO, and that 100% of CO 
from this source is transferred to the blood of the consumer (an estimate representing a hypothetical 
worst-case scenario). According to the authors, such treatment of meat will thus cause only a very minor 
effect in comparison to what is considered the safety limit, even w hen assuming maximum uptake of CO. 
Watts et al. (1978) exposed beef to a gas containing 1% CO for 3 days, and found that this resulted in a 
CO saturation of approximately 30% of the myoglobin. CO was lost under such storage conditions, with a 
half-life of approximately 3 days. After cooking, the CO concentration in the meat decreased to 
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COHb i blodet. Imidlertid tyder dataene pd at et COHb-niva pa 2-3% kan ha uheldige v 
virkninger hos syke og sarbare individer i samfunnet, bl.a. de som lider av hjerte- 
karsykdommer. 

Eksponering for CO via luften 

Nar det gjelder CO som en luftforurensningsfaktor, foreslo en norsk ekspertgruppe (SFT 1992) 
luftkvalitetskriterier ved CO-konsentrasjoner som gir maksimum 1 ,5% COHb under leu fysisk 
anstrengelse (inklusive kroppens egen CO-produksjon). Sammenhengen mellom CO- 
konsentrasjon, aktivitetsniva og eksponeringstid for ikke a overskride 1,5% COHb i blodet er 
gjengitt i tabell 3. 

Tabell 3: Beregning av CO konsentrasjoner i lufta som resulterer i COHb-niva pa 1,5%, 
inklusive endogen CO-produksjon (SFT 1992): 



Eksponeringstid: 


CO-konsentrasjon, mg/m 3 




Hvile: 


Modem fvsisk aktivitet: ' Tuns 


fvsisk aktivitet: 


15 min 


170 


so ; 


52 


30 min 


86 


42 ; 


29 


1 time 


48 


24 


18 


8 timer 


11.5 


9.2 


9.2 



Eksponering for CO gjennom konsum avferskt kjott behandlet med gassblanding 
I litteraturen er det svaert mangelfulle opplysninger om aktuell eksponering for CO via konsum 
av kj0tt behandlet med gassblandinger som inneholder CO. En av de mest interessante 
referansene i denne sammenheng er en publikasjon av A.L.Tappel og medarbeidere i 1954, 
men som dessverre er vanskelig tilgjengelig. Imidlertid er det referert fra deres arbeide i andre 
publikasjoner, bl.a. av Clark et al. (1976): Tappel et al. tok utgangspunkt i en yrkeshygienisk 
norm for CO i USA pa 50 ppm (8 timer/dag), og fant at en slik eksponering vil gi et COHb- 
niva i blodet i lengre tid som ligger ca. 14 ganger hoyere en hva man far forbigaende ved 
konsum av ca. 225 g kj0tt, under fonitsetning av at myoglobinet og hemoglobinet i kj0ttet er 
mettet med CO, og at 100% av CO herfra kommer over i konsumenten blod (et estimat som 
representerer et hypotetisk «verste tilfelle»). Derfor, sier forfatterne, vil en slik behandling av 
kj0tt utgj0re en meget liten effekt i forhold til hva som betraktes som sikkerhetsgrensen, selv 
om man antar maksimalt opptak av CO. 

Watts og medarbeidere (1978) eksponerte biff for 1% CO-atmosfaere i 3 dager, og fant at dette 
gav en CO metning pa ca. 30% av myoglobinet. CO gikk tapt under ulike lagringsbetingelser, 
med en halveringstid pa omtrent 3 dager. Etter steking sank CO-konsentrasjonen i kj0ttet til 



below 0.09 ppm (equivalent to approximately 0. 1 mg/kg). Maximum loss after cooking (on burner at 
I95°C) amounted to approximately 85%. 

Comparison of CO Exposure through Air and Meat (CO Treated) 

There is little data available for such a comparison, but a rough overview nevertheless provides some 
points of reference. An adult inhales IO-20nv air per 24 hours (depending on the activity level). This is 
the equivalent of 0.42-0.84nr per hour (or 3.36-6.72 nv per 8 hours). 

To stay within a maximum blood COHb level of 1 .5%. the CO concentration in the air must be 24 mg/irT 
for 1 hour at moderate physical activity, at 9.2 mg/nr for 8 hours (according to Table 3). In comparison, 
the CO exposure is 0.1 mg/kg after consumption of 250 g of heated CO-treated meat that has been treated 
for 72 hours in a gas containing 1% CO (Watts et aL 1978). Table 4 shows a calculation of CO intake 
from the air and a meal of CO-treated meat. 



Table 4: Comparison of CO intake from air within a range without any health impact and theoretical 
intake of CO through consumption of a meal of CO-treated meat: 



Path of Exposure: 


CO Intake. 1 hour: 


CO Intake. 8 hours 


Lungs (15 m 724 hours) 


24mgx 0.625 = 15.1mg 


9.2mg x 5 = 46.0mg 


Meat 


0.025mg 


0.025 mg 



For CO balance between air and blood is only achieved after a considerable period of time (hours). The 
absorption of gases from the intestinal canal to the blood is probably considerably less efficient than from 
the lungs, where the tissue allows for maximum gas exchange between the alveoli and the bloodstream. 
This implies that intake of CO through meat probably won't cause any demonstrable increase in the blood 
CO level (in the form of COHb). And at any rate, the exposure from meat is much lower (approximately 
one thousand times lower) than through the airways, as shown in the calculations above. 
According to the Norwegian Institute of Air Research (SFT 1992), the CO concentration in larger 
Norwegian cities is on average between 1 and 2 mg/m during the winter. Maximum hourly values have 
been measured to approximately 60 mg/m\ and maximum values for 8 hours to about 40 mg/m \ 

Evaluation of Other Gases Used in Foods in the EU 

EU's Research Committee on Foods (SCF) has not considered CO. However, the expert team has 
considered other gases (EUR 1981), such as carbon dioxide (CO>) and nitrogen oxide (NO). In this 
connection, the committee employed the following evaluation method, which should be applicable for 
CO, as well: 
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under0,09ppm (som tilsvarer ca. 0.1 mg/kg). Maksimalt tap etter steking (plate pa 195 grader 
C) utgjorde ca. 85%. 

Sammenligning av CO-eksponering via luft og kjott (CO-behandlet) 

Det foreligger ikke noe stort materiale for a gjennomfore en slik sammenligning, men en grov 
oversikt vil likevel gi visse holdepunkter. Et voksent menneske puster inn 10-20 m' luft hvert 
dogn (avhengig av bl.a. aktivitetsnivaet). Dette tilsvarer 0,42-0,84 nr per time (eller 3,36-6.72 
nx 1 per 8 timer). 

For a holde seg innenforet maksimalt COHb-niva i blodet pa 1,5%, ma luftkonsentrasjonen av 
CO i 1 time ved moderat fysisk aktivitet ligge pa 24 mg/m\ og i 8 timer pa 9,2 mg/m' (ifolge 
Tabell 3). Til sammenlikning vil CO-eksponeringen etter konsum av 250 g CO-behandlet 
kj 0 tt som er behandlet i 3 dogn med i CO-atmosfaere pa 1% v<ere 0,1 mg/kg etter oppvarming 
(Watts og medarbeidere, 1978). I tabell 4 gjengis en beregning av CO-inntak via luft og et 
maltid CO-behandlet kjott. 

Tabell 4: Sammeiigning av CO-inntaket via luft innenfor et niva som ikke gir helseeffekter og 
teoretisk inntak av CO via konsum av et maltid CO-behandlet kjott: 



Eksponerinesvei: 


CO-inntak. 1 time- 


CO-inntak. 8 timer- 


Lungene (15 m 3 /d0gn) 
Kjott 


24 mgx 0,625= 1 5, 1 mg 

0,0?^ ma 


9,2 mg x 5 = 46,0 mg 

0,0?S ma 



For CO gjelder at likevekt mellom luft og blod f 0 rst oppnas etter betydelig tid (timer). 
Absorbsjonen av gasser fra tarmkanalen til blodet er sannsynligvis langt mindre effektiv enn fra 
lungene hvor vevet er utviklet for maksimal gassutveksling mellom alveolene og blodet. Dette 
innebsrer at inntak av CO via kjott sannsynligvis ikke vil fore til paviselig okning av CO- 
nivaet i blodet (som COHb). Og i alle fall er ek.poneringen fra kjott svaert mye lavere (ca. 3 
tier-potenser lavere) enn via luftveiene, som vist i beregningene ovenfor. 
IfOlge Norsk institutt for luftforskning (SFT 1992), er CO-konsentrasjonen i storre norske byer 
mellom 1 og 2 mg/m' i gjennomsnitt om vinteren. Man har malt maksimale times-verdier pa 
ca. 60 mg/m\ og maksimale 8-times verdier pa ca. 40 mg/m\ 

Vurdering av andre gasser brukt til nceringsmidler i EU 

EU's vitenskapelige komite for nceringsmidler (SCF), har ikke behandlet CO. Imidlertid har 
ekspertgruppen behandlet andre gasser (EUR 1981), som karbondioksid (C0 2 ) og 
nitrogenoksid (NO), og i den forbindelse anvendt en vurderingsmetode som ogsa b 0 r kunne 
anvendes for CO, nemlig folgende: 



CO : : This compound is a natural product of metabolism, and people are constantly exposed to carbon 
dioxide from the atmosphere, food and drink. Compared to this exposure, the residual content from its use 
as an extraction agent is insignificant. Establishing an ADI for this compound is unnecessary. The 
committee considers this compound acceptable as an extraction agent. It is unnecessary to determine 
concentration values for the residue. 

N 2 0: The pharmacological and pharmacokinetic properties of this gas are well known from the extensive 
use of N : 0 as an anaesthetic. Even though no data on residual content are available, such amounts are 
probably so minor that they are not hazardous to the consumer. The committee finds that it is unnecessary 
to establish an ADI. and considers the use of N : 0 as an extraction agent acceptable. 

Toxico/ogical Evaluation of the Use of CO as a Packaging Gas for Meal 

People are continually exposed to carbon monoxide, both by means of endogenic production and by 
inhaled air. Toxicologically, it is the amount of CO bound to the blood hemoglobin (the 
carboxyhemoglobin percentage) that determines any health effects. The very first effects in sensitive 
individuals occur at COHb concentrations from approximately 2-3%. To prevent possible health effects 
even in the most sensitive individuals, a team of Norwegian experts has suggested limits for CO in the air 
that do not result in COHb concentrations above 1.5%. including the endogenic production at 0.5%. 
The above-mentioned estimates indicate that even if all CO in the prepared meat is transferred to the 
consumer's blood, the CO concentration - even a temporary concentration - will remain well below 
accepted limits in air. From a health perspective, the use of CO in concentrations below 0.5-1 % for fresh 
meat thus represents no toxicological risk. 
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CO,: Denne forbindelsen er et naturlig stoffskifteprodukt, og mennesker utsettes konstant for 
karbondioksid fra atmosfaeren, nasringsmidler og drikkevarer. Sammenlignet med denne 
pavirkningen er restinnholdet fra dets anvendelse som ekstraksjonsmiddel ubetydelig. 
Oppstilling av en ADI for denne forbindelsen er unodvendig. Komiteen anser denne 
forbindelse for akseptabel som ekstraksjonsmiddel. Det er un0dvendig a oppstille 
restkonsentrasjons-verdier. 

N\0: Denne gassens farmakologiske og farmakokinetiske egenskaper er velkjente fra den 
utbredte anvendelse av N 2 0 som bedovelsesmiddel. Selv om der ikke er til&jengelige data om 
restinnhold, vil det sannsynligvis vaere si lavt at det ikke er noen fare for forbrukeren. 
Komiteen mener at det er unodvendig & oppstille en ADI, og anser anvendelsen av N,0 som 
ekstraksjonsmiddel for akseptabel. 

Toksikologisk vurdehng av bruk av CO som pakkgassfor kjott 

Mennesker eksponeres kontinuerlig for karbonmonoksid, bdde via endogen produksjon, og via 
inhalasjonsluften. Toksikologisk er det mengden CO bundet til blodets hemoglobin 
(karboksyhemoglobin-prosenten) som er avgj0rende for eventuelle helseeffekter. De aller 
forste effekter hos sarbare personer opptrer ved COHb-konsentrasjoner fra ca. 2-3%. For a 
unnga mulige helseeffekter selv hos de mest sarbare, har en norsk ekspertgruppe foreslatt 
grenseverdier for CO i luft som ikke skal resultere i COHb-konsentrasjoner over 1,5%, 
inkJusive kroppens egen-produksjon pa 0.5%. 

Estimater som er gjengitt ovenfor, indikerer at selvom alt CO i det tilberedte kj0ttet overf0res til 
konsumentens blod, vil CO-konsentrasjonen, selv kortvarig, ligge svaert langt under aksepterte 
grenseverdier i luft. Ut fra en helsemessig vurdering vil ikke anvendelse av CO i 
konsentrasjoner under 0,5-1% til ferskt kjott representee noen toksikologisk risiko. 
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I. With regard to the elements of the international application:* 

^ the international application as originally filed 
^ the description: 

pages ^27 . as originally filed 

, filed with the demand 

, filed with the letter of 



pages NONE 
pages NONE 

the claims: 
pages 28-43 



pages NONE 



pages NONE 



pages NONE 



_ as originally filed 

, as amended (together with any statement) under Article 19 
, filed with the demand 
, filed with the letter of 



the drawings: 
pages 1-27 



pages NONE 



pages NONE 



^ as originally filed 

, filed with the demand 

, filed with the letter of 



I 1 the sequence listing part of the description: 

pages NONE L as originally filed 

pages NONE , filed with the demand 

pages NONE , filed with the letter of 



2. With regard to the language, ail the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

I 1 the language of a translation furnished for the purposes of international search (under Rule23. 1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I | the language of the translation furnished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written 
opinion was drawn on the basis of the sequence listing: 

I | contained in the international application in printed form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

I | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
I I The statement that the information recorded in computer readable form is identical to the written sequence listing 

has been furnished. 

4. The amendments have resulted in the cancellation of: 

I I the description, pages NONE 

I | the claims, Nos. NONE 

I I the drawings, sheets/fig NONE 

5. | | This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in 
this opinion as "originally filed. * 
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Novelty (N) 


Claims NONE 
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Claims 1-153 




NO 


Inventive Step (IS) 


Claims NONE 
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Claims 1-153 
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Industrial Applicability (IA) 


Claims 1-153 
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WOODRUFF et ai. are silent in teaching just CO and CO2 in the modified atmosphere. However, VERBRUGGEN teaches 
preserving meat color with carbon dioxide and carbon monoxide after vacuum treatment (English Abstract). Therefore it would have 
been obvious to modify the gas composition of WOODRUFF et al. to contain only CO and CO2 since one would have been 
substituting one modified atmosphere composition for another for the same purpose. 

Claims 38^9,51-56,76-86, 1 16-130,146-153 tack an inventive step under PCT Article 33(3) as being obvious over WOODRUFF et 
al. (US 4522835) in view of KOCH et al (US 34591 17) and STOCKLEY III et al. (US 5686127). 

Regarding claims 38-49,51,52,54-56,76-86, 116-128,130,146-153 WOODRUFF et al. teach treating storing meat in a reduced 
oxygen modified atmosphere of 0.1-3% CO, along with 20-60% CO2 , 40-80% N2 , and 0% O2 to convert deoxymyogiobin to 
carboxymyoglobin on the surface of the meat wherein the O2 is removed by flushing, evacuation, or using a scavenger (Abstract, 
Column 1. line 63 to Column 3, line 30) as recited in claims 43^9,53,55,56,80-83,85,86. 121-126,130.150-152. WOODRUFF et al. 
teach the meat remains in the modified atmosphere until ready for sale or consumption, but are silent in teaching any particular 
package or method of packaging for sale or consumption as recited in claims 38,76,1 16 and 146. 

KOCH et al is relied on as evidence of the conventionality of storing meat in a reduced oxygen/modified atmosphere package for 
sale/consumption comprising carbon monoxide and other gases to form carboxymyoglobin (Column I, lines 14-20, Column 3, lines 
18-52). 

STOCKLEY HI et al. teach a reduced oxygen/modified atmosphere meat package for sale/consumption. STOCKLEY m et al. teach 
supplying a first polstyrene foam tray, sealing the tray with a first layer polyolefin overwrap, sealing a second layer onto the tray to 
form a pocket between the tray and second layer , or a pocket between the two films (i.e. with the drawstring embodiment of Figure 
7) wherein the second layer is peelably removable for retailing without destroying the tray, and removing oxygen by flushing or by 
vacuum (Figures, Column 4, line 26 to column 6, line 5, Column 8, lines 23-31, Column 1, lines 40-62) as recited in claims 38- 
41,43-47,51. 52,76-80,84, 116-119,127,128,146-149,153. 

Therefore, it would have been obvious to modify the reduced oxygen/modified atmosphere storage of WOODRUFF et al. and store 
the meat in a foam tray sealed by first layer polyolefin overwrap with a second layer sealed onto the tray to form a pocket between the 
tray wherein the second layer is peelably removable for retailing without destroying the tray, and removing oxygen by flushing or by 
vacuum since KOCH et al. teach it is known to store meat in a package for sale/consumption using a reduced oxygen modified 
atmosphere comprising carbon monoxide and STOCKLEY in et al. teach a conventional method and tray/overwrap package with a 
peelable layer suitable for storing meat in a reduced oxygen modified atmosphere. Thus one would have been substituting one type of 
storage for another for the same purpose: storage of meat for sale/consumption in a reduced oxygen modified atmosphere. 

Regarding claims 53 and 129, WOODRUFF et al. teach converting deoxymyogiobin to carboxymyoglobin prior to adding the carbon 
dioxide mixture (column 3, lines 1 1-24) and requires a holding step to convert the oxymyoglobin, but are silent in teaching converting 
oxymyoglobin directly to carboxymyoglobin (Examples). KOCH et al. are relied on as evidence of the conventionality of converting 
oxymyoglobin directly to carboxymyoglobin by treating a fresh cut of meat immediately with the modified atmosphere comprising 
carbon dioxide without an extra holding step (Column 1, lines 14-20,CoIumn 3, lines 18-52). Therefore to convert oxymyoglobin 
directly to carboxymyoglobin since by doing so one would be able to eliminate a process step (i.e. conversion the oxymyoglobin) 
which, when dealing with mercantile packaging process, is advantageous to save money and time. 



Claim 50 lacks an inventive step under PCT Article 33(3) as being obvious over WOODRUFF et al. (US 4522835) in view of in view 
of KOCH et al (US 3459117) and STOCKLEY OI et al. (US 5686127), former in view of VERBRUGGEN (DE1935566). 

WOODRUFF et al. are silent in teaching just CO and CCh in the modified atmosphere. However, VERBRUGGEN teaches 
preserving meat color with carbon dioxide and carbon monoxide after vacuum treatment (English Abstract). Therefore it would have 
been obvious to modify the gas composition of WOODRUFF et al. to contain only CO and CO2 since one would have been 
substituting one modified atmosphere composition for another for the same purpose. 

Claims 1-153 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter claimed 
can be made or used in industry. 
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' US 5,711,978 A (BREEN et al. ) 27 January 1998, see entire document. 
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US 6,1 12,890 A (COLOMBO) 5 Septmeber 2000, see entire document. 

DE 1,935,566 A (VERBRUGGEN) 18 July 1968, see English abstract. 

US 3,459,1 17 A (KOCH et al.) 21 July 1967, see entire document. 

US 5,686,127 A (STOCKLEY, III et al.) 1 1 November 1997, see entire document. 
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TIME LIMIT: 

The time limit set for response to a Written Opinion may not be extended. 37 CFR 1.484(d). Any response received after the 
expiration of the time limit set in the Written Opinion will not be considered in preparing the International Preliminary Examination 
Report. 



V. 2. Citations and Explanations: 

Claims Ml, 1345,18-30,32-34,36 t 37,57-61,63,64,66-75,87-99,102-114,131-135,l37,138,14O-144 lack an inventive step under PCT 
Article 33(3) as being obvious over WOODRUFF et ah (US 4522835) in view of BREEN et al. (US 571 1978) 

WOODRUFF et al. teach treating storing meat in a modified atmosphere of 0.1-3% CO, along with 20-60% CO2 , 40-80% N2 , and 
0% O2 to convert deoxymyoglobein or oxymyogtobin, depending on the amount of oxygen removal prior to adding the modified 
atmosphere, to carboxymyoglobin on the surface of the meat wherein the O2 is removed by flushing, evacuation, or suing a scavenger 
(Column 1, line 63 to Column 3, line 30) as recited in claims 2,5-11,18-21,23,25-30,36,37,58,66,68,69,71,74,75,88,91- 
96,102,103,105,107-111,132,140,143. WOODRUFF et al. teach the meat remains in the modified atmosphere until ready for sale or 
consumption, but are silent in teaching any particular package or method of packaging for sale or consumption as recited in claims 1, 
22,57,70,87,104,131, and 142. 

BREEN et al. teach the conventional reduced oxygen/ modified atmosphere meat package for sale/consumption. BREEN et al. 
supplying a first polystyrene tray, sealed with a plastic overwrap, surrounding the tray with a bag, which may include an oxygen 
scavenger to remove oxygen, wherein the bag can be removed for retailing without destroying the tray , removing oxygen and 
supplying a mixture of gases into the bag, and sealing the bag (Figure 7, Column 2, lines 27-62. Column 5, tines 33-45 ) as recited in 
claims 1,3,4,13-15,22,24,32-34,57,59^1,63,64,67,70,72,87,89,90,97-99,104,1^ 

Therefore it would been obvious to modify WOODRUFF et al. and include a conventional modified atmosphere package and 
packaging procedure since one would have been substituting one means/method to maintain meat in a low oxygen modified 
atmosphere until sale/consumption for another. 

Claims 16,17,35,45,46,62,65,73,100,101,115,136,139,145 lack an inventive step under PCT Article 33(3) as being obvious over 
WOODRUFF et al. (US 4522835) in view of BREEN et al. (US 5711978), further in view of COLOMBO (US 6112890). 

WOODRUFF et al, are silent in teaching a foam tray and a PVC or polyolefin overwrap. COLOMBO teaches a conventional 
modified atmosphere meat packaging comprising a tray and a bag surrounding the tray, wherein the tray is foam and is sealed with a 
pvc overwrap (Example I). Therefore it would have been obvious to modify WOODRUFF et al. and include a foam tray and pvc 
overwrap, since one would have been substituting one type of meat tray and overwrap packaging for another for the same purpose: 
modified atmosphere meat packaging. 

Claims 12 and 31 lack an inventive step under PCT Article 33(3) as being obvious over WOODRUFF et al. (US 4522835) in view of 
BREEN et al. (US 571 1978), further in view of VERBRUGGEN (DE1935566) 
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iuslmielons, ; oranges,, peaches, pears, 
pecans, peppers, plums (fresh 
ies); potatoes, strawberries, toma- 
wainuts.,! 

^05 ; part , per million in or on sugar 
^etsJ ; ■ : • 

partpef million in or t>n beans. 

The , Commissioner of Food and 
^js, having .evaluated the data sub- 
emitted in a petition filed by Chemagro 
Corporation, P.O. Box 4913, Kansas City 
SESprMissouri, and other relevant material, 
^'has concluded that the following regula- 
tion 1 should issue with respect to residues 
J|bf> the food additive demeton present in 
itMaeliydrated sugar beet pulp. Such resi- 
; lllfedues have been shown to occur from 
Misapplication of the pesticide to sugar 
: HS£beets under agricultural uses provided 
for by a concurrent regulation under 
lection 408 of the act. Therefore, pur- 
uant to the provisions of the Federal 
Drug, and Cosmetic Act (sec. 
ltfc)X4>, 72 Stat. 1786; 21U5.C. 
pi(c)<4)), and under the" authority 
felegated to the Commissioner by the 
Secretaiy of Health, Education, and 
Welfare <25 FJ*. 8625) , the food additive 
Iations (21 CFR Part 121) are 
tended by adding to Subpart C the 
"blowing new section: 

1121JS21 Demeton. 
5A tolerance of 5 parts per million is 
established for residues of demeton (a 
:&ixture of 0,0-diethyl 0(and S)-2-(eth- 
dlyithio) ethyl phosphorothioates) in de- 
Ifhydrated sugar- beet pulp for livestock 
llfeed when present therein as a result 
'y$?jpl the application of the pesticide in the 
fexroduction of sugar beets, provided that 
l^residues of 0,0-diethyl S-2-(ethylthio) 
|§£|tiyl ph'osphorodithioate are also pres- 
ilepti the total of both residues shall not 
^^eikceed 5 parts per million. 

• ;Any person who will be adversely af- 
■5 ,. : - : (UM- fected by the foregoing order may at any 
t;f,!0!,?^tmie prior to the thirtieth day from the 
>1 ;^:J^.date of its publication in the Federal 

tig Clerk, De- 

V; : \iBjf on, and Wei- 

£|| Aug. 2, 1961 
26 FR 6918-9 



of -th'e^ order; deemed objectionable .arid 
ttie i^6undst^of3he : objections. it v al 
hearing is requested, the objections must 
state the issues for the hearing. A hear- 
ing will be granted if the objections are 
supported by grounds legally sufficient to 
Justify the relief sought. Objections may 
be accompanied by a memorandum or 
brief in support thereof . ?A11 documents 
shall be filed in quantuplicate. 

Effective date. This order shall be 
effective on the date of its publication 
in the Federal Register. 

(Sees. 408(d)(2), 409(c)(4); 68 Stat. 512.' 72 
Stat. 1786; 21 UJ3.C. 346a(d) (2) , 348(c) (4) ) 



m 



Dated: July 26, 1961. 

[seal] Geo. P. Larricx, " 

Commissioner of Food and Drugs. 



IFJL Poc. 



61-7270; Piled, 
8:50 aon.] 



Aug. 1, 1961; 



PART 121— FOOD ADDITIVES 

Subpart C--Food Additives Permitted 
in Animal Feed and Animal Feed 
Supplements ■[ 

OjO -Diethyl ^S>-2-(Ethylthio)ethyl 
: Fhosphorodithioate 

Pursuant to sections 409 and 701 of the 
Federal Food, Drug, and Cosmetic Act 
and under the authority delegated to the 
Commissioner of Food and Drugs by the 
Secretary of Health, Education, and 
Welfare (25 F.R. 8625) , § 121.215 of the 
food additive regulations (26 PJl 2595) 
is revised to read as follows: 

§121.215 0,0-Diethyl 5-2-(ethylthio) 
ethyl phosp&orodiihioate. 

S A tolerance of 5 parts per million is 
established "lor residues of COrdiethyl 
S-2- (ethylthio) ethyl phosphorodithio- 
ate, calculated as demeton.in dehydrated 
sugar beet pulp for livestock feed when 
present therein as a result of the ap- 
plication of the pesticide to the growing 
agricultural crop, provided that, if 
residues of demeton are also present, the 
total of both residues shall not exceed 
5 parts per million. 

This amendment does not require 
notice and public procedure since it is 
made for the purpose of bringing 
§ 121.215 into conformity with the pes- 
ticide regulations. 

Effective date. This order shall be ef- 
fective on the date of its publication in 
the Federal Register 

(Sees. 409, 701; 52 Stat. 1055, 72 Stat. 1785; 
21 TT.S.C. 348. 371) 

Dated: July 26, 1961. 

[seal] Geo. P. Larrick, 

Commissioner of Food and Drugs. 



(F.R. Doc. 



61-7272; Filed, 
8:50 a.m.) 



Aug. 1. 1961; 



* The > Commissioner of Pood and 
having evaluated the data submit! 
tti Vita^reri Corporation, 354 
Spring Street, Los Angeles 13, Califo: 
and other relevant material, has 
eluded that the following food add! 
regulation should issue with respect 
the food additive combustion product i 
used for the displacing and removal 
oxygen in processing and packing 
food. Therefore, pursuant to the pf$ 
visions of the Federal Food, Drug, 
Cosmetic Act (sec. 409(c)(1), 72 Stal 
1786; 21 TJ.S.C. 348(c)(1)), and und< 
the authority delegated to the Co; 
sioner by the Secretary of Health, Edit 
cation, and Welfare (25 F.R. 8625), thi 
food additive regulations (21 CFR 121! 
are amended by adding to Subpart D tiii 
following new section: 

§ 121.1060 Combustion product gas. 

The food additive combustion product 
gas may be safely used in the processing? 
and packaging of the foods designated!*' 
paragraph (c) . of this section for 
purpose of removing and displacing oxy| 
gen in accordance with the follow 
prescribed conditions: 

(a) ^he food additive is manufactu. 
by the controlled combustion in_airjb 
butane^ propane, or natural gas. The 
combustion equipment shall be provided 
with an absorption-type filter capable^ 
removing possible toxic impurities 
through which all gas used in the trea| 
ment of food shall pass; and with i ; 
able controls to insure that any combus~ 
tion products failing to meet the 
specifications provided in this section! 
will be prevented from reaching the food| 
being treated. 

(b) The food additive meets the fol- 
lowing specifications: 

(1) Carbon monoxide content not 
exceed 4.5 percent by volume.. 

(2) The ultraviolet absorbance. in J 
octane solution in the range 255 
microns to 310 millimicrons not to exc _ 
one-third of the standard' referent 
absorbance when tested as described ? 
paragraph (e) of this section. 

(c) It is used or intended for use*t 
displace or remove oxygen in the pr 
essing, storage, or packaging of cit 
products, vegetable fats and vegetabjj 
oils, coffee, and wine. 

(d) To assure safe use of the additiv 
in addition to the other information re 
quired by the act, the label or labelj 
of the combustion device shall bear ade 
quate directions for use to provide^ 
combustion product gas that compile 
with the limitations prescribed in par 
graph (b) of this section, includ 
instructions to assure proper filtratiori| 

(e) The food additive is tested for 
compliance with paragraph (b)(2) by 
the following empirical method: 

Spectrophotometry measurements. 
measurements are made in an ultraviole 
spectrophotometer in optical cells of 6 cen^ 
tlmeterB In length, and in the range of 255j 
millimicrons to 310 millimicrons, under 
same instrumental conditions. The stand 
reference absorbance Is the absorbance 



r 



J^the^rger^ 
Idwated asdemetom^ 



u,the4 rier_4ajid 



ileran 

^ti^BBSb's is amended by add;?: 
^et^ : t61eraiwes for residues of 
on In drioh /sugar beet tops and 
_ ^.beets. vAs amended § 120.105 reads 

^26.105 }■ Tolerances for residues of 
demeton.- 



state the Issues for .the hearing. A hear- 
ing will be granted if the objections are 
supported by grounds legally sufficient to 
justify the relief sought. Objections may 
be accompanied tejf a memorandum or 



llferaii^^residues or demeton (a. brief m^pport^ebf. ".All documents 




amifciire of OiO-diethyl OCand S)-2- 
pSylthio) ethyl phosphorothioates) are 
^sfiabUshed as follows: 
Ii2 'parts per million in or on alfalfa 
ayj'elover hay. ' 
Jji parts per million in or on almond 
hulls, fresh alf alfa, fresh clover, sugar 
^et tops. i_ : ■ 

lis'parts per; million in or on grapes, 
fcpsV'v 

*Uv75 part lief million in or on almonds, 
>ples, apricots, broccoli, brussels 
touts, cabbage, cauliflower, celery, 
,V --Lseed, grapefruit, lemons, lettuce, 
Qelons, " 1 oranges, % peaches, pears, 
pecans,' - peppers, plums (fresh 
Jies), potatoes, strawberries, toma- 
^:walnuts<;"-: 

bis ' part per million in or on sugar 

Hts< '. ~ - * * 

^'{p^''per;^milli6n in or on beans, 
ferhej Conimissioner of Food and 
t j£s; havingr v evaluated the data sub- 
itted in a petition filed by Chemagro 
Jrporation, PiO. Box 4913, Kansas City 
^Missouri, and other relevant material, 
is concluded that the f ollowing regula- 
in'should issue with respect to residues 
^ Jthe food additive demeton present in 
;d&iydrated sugar beet pulp. Such resi- 
dues have been shown to occur from 
^application of the pesticide to sugar 
^Tbeets under agricultural uses provided 
Tor 'by a concurrent regulation under 
Son 408 of ithe act. Therefore, pur- 
ant to the : provisions of the Federal 
ipd ? r 15rug ^and Cosmetic Act (sec. 
i9tcV(4) t :72 :Stat 1786; 21 TTS.C. 
^(c) <4) ) ^f arid Sunder the authority 
legated -to Mfte Comm^ by the 

^retary / of * Health, Education, and 
fcre (25 FJR: 8625), the food additive 
f Jatioris: /(2l CFR Part 121) are 
. Jifnded by adding to Subpart C the 
Scpowing new ;; section: 

M2 1.221? bemeton. 
, JftA' tolerance of. 5 parts per million is 
je^tablished for residues of demeton (a 
pnixture of 0,0-diethyl 0(and S)-2-(eth- 
Ijftthio) ethyl phosphorothioates) in de- 
•J^drated sugar- beet pulp for livestock 
f|eed when present therein as a result 
[of the application of the pesticide in the 
production of sugar beets, provided that 
t &$esidues of 0,0-diethyl 5-2- ( ethyl thio) 
fettiyl phosphorodithioate are also pres- 



shall be filed in quantuplicate 

Effective date. This order shall be 
effective on the date of its publication 
in the Federal Register. 

(Sees. 408(d)(2), 409(c)(4); 68 Stat. 512. 72 
Stat. 1786; 21 U£jO; ( 346a(d) (2) , 348(c) (4) ) 

Dated: July 26, 1961.- 

[seal! . Geo- F- LarRICK, " 

Commissioner of Food and Drugs. 

rpjR. Doc. 61-7270; FUed, Aug. 1, 1961; 
8:50 aon.] 



!^|epti the total of both residues shall not 
jjM&ceed, 5 parts per million. 

0^1, .Any person who will be adversely af- 
f ected by the foregoing order may at any 
Pl0time prior to the thirtieth day from the 
iPj^'ltiate of its publication in the Federal 
'ffii^REGiSTER file with the Hearing Clerk, De- [p 
'$¥0* partment of Health, Education, and Wei- 



PART 121— FOOD ADDITIVES 7 

Subpart C-^-Fpod AJditives Permitted 
in Animal Feed and Animal Feed 
Supplements . : 

0,0 -Diethyl &-2- (Ethylthio) ethyl 
Phosphorodithioate ; 

Pursuant to sections 409 and 701 of the 
Federal Food, Drug, and Cosmetic Act 
and under the.authority delegated to the 
Commissioner of Food and Drugs by the 
Secretary of Health, ^ Education, and 
Welfare (25 FJt. 8625), S 121.215 of the 
food additive regulations (26 FJt. 2595) 
is revised to read* as follows: :/ 

§ 121.215/ 0,O-Diethyl 5-2- (cihylthio) 
ethyl'pliosphoroditiiioate. ' 4 V 

A tolerance of 5 parts per million is 
established for residues of b,0-diethyl 
5_2- (ethylthio) ethyl ; phosphorodithio- 
ate, calculated as demeton, in dehydrated 
sugar beet pulp for livestock feed wlieri 
present therein as?a result of the ap- 
plication of the pesticide to the growing 
agricultural crop, : provided that, if 
residues of demeton are also present, the 
total of both residues shall not exceed 
5 parts per million. y 

This amendment does not require 
notice and public procedure since it is 
made for the purpose of bringing 
§ 121.215 into conformity with the pes- 
ticide regulations. 

Effective date. This order shall be ef- 
fective on the date of its publication in 
the Federal Begister. 

(Sees. 409, 701: 52 Stat. 1055. 72 Stat. 1785; 
21 U.S.C. 348, 371) 



Dated: July 26, 1961. 

[seal! Geo. P. Larrick, 

Commissioner of Food and Drugs. 



R. Doc. 



61-7272; PUed, 
8:50 a.m.] 



Aug. 1, 1961; 



Loner of Food and ] 
the data submitted^ 

t Vitagen Corporation, 354" Sot 

^ Spring Street, Los Angeles 13, Calif < 

and other relevant material, has cdi 
eluded that the following food addit" 
regulation should issue with respect 
the food additive combustion product g 
used for the displacing and removal J 
oxygen in processing and packing ; 
food. Therefore, pursuant to the — 
visions of the Federal Food, Drug, 
Cosmetic Act (sec. 409(c)(1), 72 S 
1786; 21 U.S.C. 348(c)(1)), and undt 
the authority delegated to the Commit 
sioner by the Secretary of Health, Edu[ 
cation, and Welfare (25 FJR. 8625) , tin 
food additive regulations (21 CFR 12 
are amended by adding to Subpart D " 
following new section: 
§ 121.1060 Combustion product gas. 

The food additive combustion prodii 
- gas may be safely used in the processt 
and packaging of the foods designated^ 
paragraph (c) of this section for t 
purpose of removing and displacing ox 
gen in accordance with the follov 1 
prescribed conditions: 
: (a) ^he food additive is mahuf act , 
by the controlled combustion in^air" 
butane, propane, or natural gas. T j 
combustion equipment shall be provide 
with an absorption-type filter capable ( 
removing possible toxic impuritie 
through which all gas used in the treat 
ment of food shall pass; and with suT 
able controls to insure that any combu 
tion products failing to meet 
specifications provided in this sect_. r 
will be prevented from reaching the foot 
being treated. ^ 
(b) The food additive meets the fol- 
lowing specifications: 

(1) Carbon monoxide content not;^ 
exceed 4.5 percent by volume. 
: (2) The ultraviolet absorbance in j 
octane solution in the range 255 m 
microns to 310 millimicrons not to exc 
I one-third of the standard ref ere ^ 
absorbance when tested as described^ 
paragraph (e) of this section. ({^ 
- (c) It is used or intended for use|fc 
displace or remove oxygen in the pr * 
essing, storage, or packaging of cit 
products, vegetable fats and vegetara 
oils, coffee, and wine. 

(d) To assure safe use of the additiv 
in addition to the other information ^ 
quired by the act, the label or label 
of the combustion device shall bear ad| 
quate directions for use to provide^ 
combustion product gas that complf 
with the limitations prescribed in pa ! 
graph (b) of this section, includ 
instructions to assure proper filtratiQ 

(e) The food additive is tested fq 
compliance with paragraph (b)(2) 
the following empirical method: 

Spectrophotometry measurements. 
measurements are made In an ultravlolj 
spectrophotometer In optical cells ol 5 eel 
timeters In length, and in the range of 2q 
mUltmicrons to 310 millimicrons, under tT 
same instrumental conditions. The standa^ 
reference absorbance is the absorbance ,3 





int.-]* 



illr 



jssafom 

,jf^esf^,TStJie*bbie^ 
ie'issues f or the fean^";-/ A hear- ■ i 
tbe "grantea^lf tthe objections are 
„ orted by grounds - legally sufficient 
Justify the relief sought; . Objections 
y|be accompanied by a memorandum 
Jmef in support thereof. All docu- 
ments shall be filed in quintuplicate. 

fSffective date. This order shall be 
Tective on the date of its publication In 
ffe ^Federal Register. 



72 Stat. 1786; 21 0.S.C. 



Uc$£. 409(c)(1), 
B(c)(l)) 

Kpated: December 7, 1962. 

gUi^. Geo. P. La r rick, 

^ 'Commission of Food and Drugs. 



ggJl4:Doc. 62-12361; FUed, Dec. 
'. 8:46 ajn.) 



13 f 1962; 



^ART 121— FOOD ADDITIVES 

ybpart D — Food Additives Permitted 
h|Food for Human Consumption 

JSnCombtjstion Product Gas 

£The Commissioner of Food and Drugs, 
'yirig evaluated the data submitted in 
rtitions filed by the Whirlpool Corpo- 
ition, Benton Harbor/ Michigan, and 
3 Vitagen Corporation, 1263 Westwood 
Joulevard, Los Angeles. California, and 
ther relevant material, has concluded 
' ,t' the food additive regulation with 
^ _ t to combustion product gas should 
e .amended as set forth beiow. There- 
ore; .pursuant to the provisions of the 
ideral Food, Drug, and Cosmetic Act 
ri409(c)(l), 72 Stat. 1*86; 21 UJ5.C. 
p48{c) (D), and under the authority 
delegated to the Commissioner by the 
Secretary of Health, Education, and 
L elfare (25 F.R. 8625). § 121.1060(c) 
21- CFR 121.1060; 27 KR. 4014) is 
^amended to read as follows: 

) J21.10^0 Combustion product gas. 

* * * • 

pc^It is used or intended for use to 
splace or remove oxygen in the proc- 
, storage, or packaging of beverage 
clucts and other food, except fresh 
atsf . 

^person who will be .adversely af- 
by the foregoing order may at 
time within 30 days from the date 
t'its publication in the Federal Regis- 
^flle with the Hearing Clerk, Depart- 
it of Health, Education, arid Welfare, 
5440, 330 Independence Avenue 
$Wl, Washington 25, D.C., written objec- 
ions v thereto. Objections shall show 
Sftjerein the person filing will be ad- 
versely affected by the order and specify 
|with, particularity the provisions of the 
Ipriler deemed objectionable and the 
bunds for the objections. If a hear- 
is requested, the objections must 
istate the issues for the hearing. A hear- 
_" ( will be granted if the objections are 
^supported by grounds legally sufficient to 
p| Justify the relief sought. Objections 
jgpnay be accompanied by a memorandum 
%(6r, brief in support thereof. All docu-^ 
^ nents shall be filed in quintuplicate. 



rective„ ,. ; _ 

. _ ^^^^Jjiga^^^j W 

Dat^: December 7, 1062.:£?r>;^ 

' " ' Geo.PLarrick, 

Commissioner of Food and Drugs. 

[FM. Doc. 62-12360; PUcd, Dec. 13, 1962; 
8:46 ajn.j 



Title 39-f POSTAL SERVICE 

Chapter I — Post Office Department 

PART 168— DIRECTORY OF INTERNA- 
TIONAL MAIL 

Individual Country Amendments 

The regulations of the Post Office De- 
partment in § 168.5 Individual country 
regulations are amended as follows: 

I. In country "Bolivia", under Parcel 
Post, amend the item "Prohibitions" to 
read as follows: 

Prohibitions. Firearms, daggers, black- 
jacks, brass knuckles, sidearms and con- 
cealable weapons. 

Cigarette lighters. 

Gambling: devices. 

Pharmaceutical and medicinal prod- 
ucts, unless, approved by the Bolivian 
health authorities. In case of doubt, 
senders should ascertain from the ad- 
dressees in advance of mailing whether 
the medicine they desire to send will be 
admitted. 

Articles which violate the Bolivian 
trademark laws. 

Counterfeit or illegal currency; adver- 
tisements imitating currency or postage 
stamps, except for philatelic or numis- 
matic catalogs. 

Adulterated or harmful beverages or 
foodstuffs. 

n. Iq ; country "Canada", as amended 
by 27 P*R. 404, 27 F-R. 10369, under Par- 
cel Post, the item "Prohibitions" is. 
amended by revising the sixth paragraph 
to include "Plumage and skins of wild, 
birds" and by adding a -new paragraph 
at the end -thereof to?prescribe regula-. 
tions for importing meat. As so amend- 
ed, paragraph six and the new paragraph 
read as follows: ^ 

^Prohibitions. * * * 

Commercial tags of metal. Prison- 
made goods being sold or intended for 
sale by a person or firm. Plumage and 
skins of wild birds. 

* - . • . # * * 

Meat and meat food products, unless 
federally inspected and passed and 
marked accordingly. If intended for 
sale, export certification by the United 
States Department of Agriculture is also 
required. Meat or meat food product 
for personal use is exempt from export 
certification, but the addressee is re- 
quired to certify to the Canadian au- 
thorities that it will not be offered for 
sale in Canada. 

m. In country "Japan*', under Parcel 
Post, the item "Prohibitions" is amended 
by revising the second paragraph to in- 





j;cth3'Sepond 

--^•33i ' following must be^ accbmpanie 
by official inspection certificates showing's 
that they are free from domestic *anfc| 
Dials' infectious disease: Meat, bones$ 
skin, hair, feathers, horns or hoofs oil 
hoofed animals, rabbits, or poultry, wool S 



samples, poultry 
honey bees. 



eggs for hatching;; 



IV. In country "Kenya and Uganda", A 
as amended by 27 Fit. 3738, 27 F.R. 5659, 3 
under Parcel Post, amend the tabular ^ 
information immediately following thejJ 
item "Air parcel rates" by striking out -3 
"Weight limit: 11 pounds", and inserting^ 
in lieu thereof "Weight limit: 22 5* 
pounds." vp 

V. In country "Laos", as amended by;^ 
27 F.R. 8592, amend the item "Obser^f^ 
vations" where it appears both undex ja 
Postal Union Mail and Parcel Post, to /" 
respectively read as follows: 

Observations^ The following are the i 
only post offices in operation; 



Vientiane. 
Honeteai. 
Iiuangprabang. 
Sayaboury. 
Paksane. 
Enammou&ne. 
Savan nakhet. 



Pafcse. 
Pafesong. 
Khongsedong. 
Champassak. 
Muong Kong. 
Saravane. 
Attopeu. 



* ' • * • 

Observations. See the item "Observa^ite 
tions" under Postal Union Mail f or posfe j^ 
offices which are in operation. . ; -gf^l J 

VL In country "Tanganyika Terrijg^ 
tory" under Parcel Post, amend J-fh&Y; 
tabular information immediately tfol*-;i 
lowing the item "Air parcel rates" vhyijT 
striking out "Weight limits: 11 pounds^ti 
and inserting in lieu thereof f< Weights } 
limits: 22 pounds". 

VH In country "Thailand"^ f-as,->. 
amended by 27 F.R. 7022, under Parcel^ \ 
Post, make the following changes to show|^' 
that insured parcel post service! 
available! •- |S8^| 

A. Amend the tabular information imf ' 
mediately following the item "Air -gar- 
eel rateS" to read as follows : . " 

Weight limit: 22 pounds ; ^ 
Sealing: Insured parcels must, and or "" 

parcels may be sealed : ' ^ u 

Registration: No rj;^ 

Insurance: Yes ' 

Postal forms required : <!i 

1 Form 2022 *\i-<~t&*>\ 

1 Form 2966 A5u&$£ 

B. Strike out the item "IrtdemnityfM 
No provision." and insert in lieu therjwfe^ 
the following: ; ^|^^| 

Insurance. The following insuraJM^[ 
fees and limits of indemnity apply : vfzll&f 

Limit of Indemnity: - C ****^B 

Not over $10__ _ - ( V^^ 

Prom $10.01 to $25 'c^P^ 

Prom $25.01 to $50. - 

From $50.01 to $100 v%!;5j 

Insured parcels may only be add. 
to Bangkok or Dhonburi. 

Print on the wrapper, near the 
STJRED" endorsement and numDer ^^Si 
amount for which the parcel is insured^ 
This amount shall be shown m UniUg 




27 FR 12410 
Dec. 14, 1962 



jx? J2, 1362 



3ETWEZH: lir. £*nald W. rhonea, Legal Couneei, rho whirlpool Corporation 

Jeuton Harbor, lii caiman 

Sr» a. X. Splher, Jr. » ?ood Additive ?atitions control Branch 

SUBJECT: Conboscion product gu. 

?ood Additive Petition 7S1. 



.-ir. Ihoaea called without preTioue appolntaaat co aiscusa the above 
I>ecitioa. 3e «aid chat he had received ay let tar of May 10, 1962, in 
which we filed the petition, and said that we may and additional date 
on aeet. rfceee data von id be needed to establish that the treataeat of 
mat uould not serve to cause the aeat to retain its freeh red colo r 
longer than neat not so treated . 

I explained to Mr. Tboaee the way in which petltlone are handled, sad 
explained the question wuich we have concerning possible deception of 
the consuner wnere treatment of the aeat leads to longer retention of 
the freak red color. I said that they could either subnit additional 
data on this point or they could request withdrawal of the portion of 
the petition for seat, and explained the different courses of action. 

I1r. Ihomas said that they had data concerning the retention of red col r 
in aeat, und they will set it together, la was concerned, however, about 
•mother he should subait this as an awnHar ir which would start the tiae 
clock over, or should vitfcdraw aaiael producta froa the petition, to sub- 
sit later on* 

I said that this was a decision which he would have to oake in the light 
of the explanation we had given hia, and I suggested that he subadt the 
data which they have and let us look at it before they did anything ad- 
ditional* herenee what they had done night be sufficient cor our people. 

I further suggested that when he subait the information for seat, he 
should supplement the data In the petition to explain exactly bow the 
coafeuetloe product see la to be used on the various coanodltlee neairt 
in their petition. le said that ha would do so. 3rl fly, be said that 
the gee was to be used aa the ataoephere in a cold storage rooa. 

In response to a question, he said that they had teated the effluent 
from their generet r am ware satisfied that the gas complied with the 
represents eatabli bed in the food additive regulation." ' 
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CORPORATION 



ADMINISTRATIVE CENTER • BENTON HARBOR, MICHIGAN 



Food and Drug Administration 

Department of Health, Education and Welfare 

Washington 25, D. C. 



Subject: Food Additive Petition No. 751 



Dear Mr. Spiher: 

We are in receipt of your letter of May 10, 1962, 
advising us of the filing of Food Additive Petition No. 751 
with an effective filing date of March 24, 1962. 



In view of your comments in the above-mentioned 



letter, we now request that our petition as originally presented 
be amended so as to delete any reference to animal products 
wherein paragraph 121.1060, section (c) of Part 121, Sub- Part D 
of Title 21 would now read as follows: 



(c) It is used or intended for use to 
displace or remove oxygen in the 
processing, storage, or packaging of 
citrus products, vegetable fats and 
vegetable oils, coffee, wine, fruit 
and fruit products and vegetable 
and vegetable products. 

The following comments are submitted to further 



supplement the Remarks section of our first letter of March 6, 



In food studies conducted at the Whirlpool Research 



Laboratories involving the use of combustion product gas as 
set forth in paragraph 121.1060 of Title 21, fruits and vege- 
tables were stored under refrigeration at temperatures between 
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32° and 45° F. and in their normal distribution containers, that 
is, baskets, crates and boxes. Products so stored had a shelf 
life of from three to five times that of air- stored food held 
at the same temperature. The results of one such study involving 
apples stored in air versus apples stored in conventional con- 
trolled atmosphere versus apples stored in combustion product 
gas are presented in the attached table. It will be noted 
that apples stored in combustion product gas had firmer flesh 
and a lower incidence of scald than did apples stored either 
in air or conventional controlled atmosphere even though the 
apples in combustion product gas were in storage for a longer 
period of time. 

The combustion product gas under study at Whirlpool 
would most likely be used in the following general areas: 

1. Fresh fruit and vegetable storage 

2. Processors - storage, packaging and processing 

3. Transportation 

Because of these diverse applications, our petition 
requests approval for fruit and vegetable "products 11 as well 
as the natural, original raw fruits and vegetables. 

To expand on the use of combustion product gas by 
food processors, the following examples are presented: 

1. Storage of fruits and vegetables in order to 
have better quality control, improve yield 
and extend packaging season. 

2. Packaging of processed foods in inert gases, 
i. e., nitrogen and/ or carbon dioxide to 
prevent oxidative changes that may develop 
during storage. 

3. Use of gas mixtures in certain processing 
steps as a "blanket 11 to keep out oxygen and 
prevent the associated undesirable changes. 
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We are hopeful that the requested amendment to the 
petition as well as the supplemental information presented 
above will clear up any questions concerning Food Additive 
Petition No. 751 and that favorable action will be shortly 
forthcoming . 

Very truly yours, 
WHIRLPOOL CORPORATION 



Vice President 
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21 CFR Ch. I (4-1-03 Edition) 



other information required by the act, 
the following: 

(1) The name of the additive, 
chloropentafluoroethane. 

(ii) The percentage of the additive 
present in the case of a mixture. 

(iii) The designation "food grade". 

(2) The label or labeling of the food 
additive container shall bear adequate 
directions for use. 

[42 FR 14526, Mar. 15, 1977, as amended at 43 
FR 11317, Mar. 17. 1978; 43 FR 14644, Apr. 7, 
1978] 

§ 173.350 Combustion product gas. 

The food additive combustion prod- 
uct gas may be safely used in the proc- 
essing and packaging of the foods des- 
ignated in paragraph (c) of this section 
for the purpose of removing and dis- 
placing oxygen in accordance with the 
following prescribed conditions: 

(a) The food additive is manufactured 
by the controlled combustion in air of 
butane, propane, or natural gas. The 
combustion equipment shall be pro- 
vided with an absorption-type filter ca- 
pable of removing possible toxic impu- 
rities, through which all gas used in 
the treatment of food shall pass; and 
with suitable controls to insure that 
any combustion products failing to 
meet the specifications provided in this 
section will be prevented from reaching 
the food being treated. 

(b) The food additive meets the fol- 
lowing specifications: 

(1) Carbon monoxide content not to 
exceed 4.5 percent by volume. 

(2) The ultraviolet absorbance in iso- 
octane solution in the range 255 milli- 
microns to 310 millimicrons not to ex- 
ceed one-third of the standard ref- 
erence absorbance when tested as de- 
scribed in paragraph (e) of this section. 

(c) It is used or intended for use to . 
displace or remove oxygen in the proc- 
essing, storage, or packaging of bev- 
erage products and other food, except 
fresh meats. 

(d) To assure safe use of the additive 
in addition to the other information re- 
quired by the act, the label or labeling 
of the combustion device shall bear 
adequate directions for use to provide a 
combustion product gas that complies 
with the limitations prescribed in para- 
graph (b) of this section, including in- 
structions to assure proper filtration. 



(e) The food additive is tested for 
compliance with paragraph (b)(2) by 
the following empirical method: 

Spectrophotometry measurements. All meas- 
urements are made in an ultraviolet spectro- 
photometer in optical cells of 5 centimeters 
in length, and in the range of 255 milli- 
microns to 310 millimicrons, under the same 
Instrumental conditions. The standard ref- 
erence absorbance is the absorbance at 275 
millimicrons of a standard reference solution 
of naphthalene (National Bureau of Stand- 
ards Material No. 577 or equivalent In purity) 
containing a concentration of 1.4 milligrams 
per liter in purified isooctane, measured 
against isooctane of the same spectral purity 
in 5-centimeter cells. (This absorbance will 
be approximately 0.30.) 

Solvent. The solvent used is pure grade iso- 
octane having an ultraviolet absorbance not 
to exceed 0.05 measured against distilled 
water as a reference. Upon passage of puri- 
fied inert gas through some isooctane under 
the identical conditions of the test, a low- 
ering of the absorbance value has been ob- 
served. The absorbance of isooctane to be 
used in this procedure shall not be more than 
0.02 lower in the range 255 millimicrons to 
310 millimicrons, inclusive, than that of the 
untreated solvent as measured in a 5-centi- 
meter cell. If necessary to obtain the pre- 
scribed purities, the isooctane may be passed 
through activated silica gel. 

Apparatus. To assure reproducible results, 
the additive is passed into the isooctane so- 
lution through a gas-absorption train con- 
sisting of the following components and nec- 
essary connections: 

1. A gas flow meter with a range up to 30 
liters per hour provided with a constant dif- 
ferential relay or other device to maintain a 
constant flow rate independent of the input 
pressure. 

2. An absorption apparatus consisting of an 
inlet gas dispersion tube inserted to the bot- 
tom of a covered cylindrical vessel with a 
suitable outlet on the vessel for effluent gas. 
The dimensions and arrangement of tube and 
vessel are such that the inlet tube introduces 
the gas at a point not above 5Vi inches below 
the surface of the solvent through a sintered 
glass outlet. The dimensions of the vessel are 
such, and both inlet and vessel are so de- 
signed, that the gas can be bubbled through 
60 milliliters of isooctane solvent at a rate 
up to 30 liters per hour without mechanical 
loss of solvent. The level corresponding to 60 
milliliters should be marked on the vessel. 

3. A cooling bath containing crushed ice 
and water to permit immersion of the ab- 
sorption vessel at least to the solvent level 
mark. 

Caution. The various parts of the absorp- 
tion train must be connected by gas-tight 
tubing and joints composed of materials 
which will neither remove components from 
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nor add components to the gas stream. The 
gas source is connected in series to the flow- 
rate device, the flow meter, and the absorp- 
tion apparatus in that order. Ventilation 
should be provided for the effluent gases 
which may contain carbon monoxide. 

Sampling procedure . Immerse the gas-ab- 
sorption apparatus containing- 60 milliliters 
of isooctane in the coolant bath so that the 
solvent is completely immersed. Cool for at 
least 15 minutes and then pass 120 liters of 
the test gas through the absorption train at 
a rate of 30 liters per hour or less. Maintain 
the coolant bath at 0 °C throughout. Remove 
the absorption vessel from the bath, dis- 
connect, and warm to room temperature. 
Add isooctane to bring the contents of the 
absorption vessel to 60 milliliters, and mix. 
Determine the absorbance of the solution in 
the 5-centimeter cell in the range 255 milli- 
microns to 310 millimicrons, inclusive, com- 
pared to isooctane. The absorbance of the so- 
lution of combustion product gas shall not 
exceed that of the isooctane solvent at any 
wavelength in the specified range by more 
than one-third of the standard reference ab- 
sorbance. 

§ 173.355 Dichlorodifluoromethane. 

The food additive dichlorodi- 
fluoromethane may be safely used in 
food in accordance with the following" 
prescribed conditions: 

(a) The additive has a purity of not 
less than 99.97 percent. 



(b) It is used or intended for use, in 
accordance with good manufacturing 
practice, as a direct-contact freezing 
agent for foods. 

(c) To assure safe use of the additive: 
(1) The label of its container shall 

bear, in addition to the other informa- 
tion required by the act, the following: 

(1) The name of the additive, dichlo- 
rodifluoromethane, with or without the 
parenthetical name "Food Freezant 
12". 

(ii) The designation "food grade". 

(2) The label or labeling of the food 
additive container shall bear adequate 
directions for use. 

§ 173.357 Materials used as fixing 
agents in the immobilization of en- 
zyme preparations. 

Fixing agents may be safely used in 
the immobilization of enzyme prepara- 
tions in accordance with the following 
conditions: 

(a) The materials consist of one or 
more of the following: 

(1) Substances generally recognized 
as safe in food. 

(2) Substances identified in this sub- 
paragraph and subject to such limita- 
tions as are provided: 



Substances 



Limitations 



Aery lamide- acrylic acid resin: Complying 
with § 173.5(a)(1) and (b) of this chapter. 



Cellulose triacetate 

Diet hy lam inoethyl-ceHufose . 



Dimethylamine-epicMorohydrin . resin: 
Complying with § 173.60(a) and (b) of 
this chapter. 

GlutaraUehyde 

Periodic acid (CAS Reg. No. 10450-60- 



May be used as a fixing material in the immobilization of glucose isomerase en- 
zyme preparations for use in the manufacture of high fructose corn syrup, in ac- 
cordance with § 184.1372 of this chapter. 

May be used as a fixing material in the immobilization of lactase for use in reducing 
the lactose content of milk. 

May be used as a fixing material in the immobilization of glucose isomerase en- 
zyme preparations for use in the manufacture of high fructose corn syrup, in ac- 
cordance with § 184.1372 of this chapter. 

May be used as a fixing material in the immobilization of glucose isomerase en- 
zyme preparations for use in the manufacture of high fructose corn syrup, in ac- 
cordance with § 184.1372 of this chapter. 
Do. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES Mfe Health Sanrfc 



Fcod and Drug Administration 
Washington, DC 20204 



Eric Greenberg 

Ungaretti and Hams 

3500 Three First National Plaza 

Chicago, IL, 60602-4405 

Re: GRAS Notice No. GRN 000083 

Dear Mr. Gre enberg: 

The Food and Drug Administration (FDA) is responding to the notice, dated August 29, 2001, 
that Ungaretti and Harris submitted on behalf of Pactiv Corporation (Pactiv) « «ccadanoe with 
3 W"* regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17. 1997; 
Substtnces Omcralry Recognized as Safe (GRAS)). FDA received the nonce on September 4, 
2001, and designated it as GRAS Notice No. GRN 000083. 

The subject of the notice is carbon monoxide (CO). The notice informs FDA of the view of 
Pactiv Corporation (Pactiv) that CO is GRAS, through scientific procedures, for use as a 
component of a gas mixture in a modified atmosphere packaging (MAP) system. The levelof 
(X) in this MAP system is 0.4 percent The other components of the MAP system are carbon 
dioxide (30 percent) and nitrogen (69.6 percent). The MAP system would be used for packaging 
fresh cuts of esse ready muscle meat and ground case ready meat to maintain wholesomeness, 
provide flexibility in distribution, and reduce shrinkage of the meat The case ready meats would 
be removed from the MAP system prior to retail display. 

As part of its notice, Pactiv includes letters from a panel of individuals (Pactiv's GRAS panel) 
who evaluated the data and information that are the basis for Pactiv's GRAS <leterminanon. 
Pactiv considers the members of its GRAS panel to be qualified by scientific training and 
experience to evaluate the safety of substances added to food. Pactiv's GRAS panel evaluated 
information and data on the chemical identity, manufacture and processing, conditions of 
proposed use, and estimated daily intakes of CO used in a MAP system for meal t. Pactiv s 
GRAS panel also evaluated studies (published and unpublished) of the effects of CO used ma 
MAP sy »t„ m for m«»t. M«nWs of th« GRAS panel reviewed and evaluated the publicly 
available information summarized in the GRAS notice. Based on the data and infonnarion 
reviewed, Pactiv's GRAS panel concludes that CO, when produced in accordance with current 
good rrianiifacturmg practice and meeting appropriate food grade specifications, is GRAS, 
through scientific procedures under the conditions of its intended use. 

The notice describes publicly available information pertaining to the identity and charMteristic 
properties of CO. Carbon monoxide (Chemical Abstracts Service Registry Number 630-08-0) is 
a colorless, odorless, gas. The notice includes a list of properties of CO and identifies the 
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manufacturer who cuifently supplies CO to Pactiv. Pactiv intends to use CO at a minimum purity 
of 9939 percent ("commercial grade"). Pactiv includes a list of specifications for CO with limits 
on the levels of other gases and considers CO of this purity to be "food trade" 

The notice describes information about existing regulations and notices regarding food 
substances that contain CO as a significant component 

Wood smoke, which includes CO as a component, is permitted by regulation as an 
ingredient in meat and poultry products under regulations issued by the U.S. Department 
of Agriculture (9 CFR 318.7(c)(4), 381.147(cX4) and 424.21(c)). 

Combustion product gas, which includes CO as a component at a maximum level of 4 3 
percent by volume, is approved for use in the production of beverages and other foods 
(except fresh meat) under FDA's regulations (21 CFR 173.350). 

Tasteless smoke, which includes CO as a primary component, is the subject of GRN 
0000 1 5 for use on raw tuna, before it is frozen, to preserve its taste, aroma, texture, and 
color* In response to GRN 000015, FDA had no questions regarding the notifier 1 * 
conclusion that tasteless smoke is GRAS under the intended conditions of use. 

The notice describes the estimated consumption of CO per meal as a consequence of its intended 
use as a component in a MAP system for storing meat Assuming that 30 percent of the CO 
present in the MAP is absorbed into the meat and that there is an 85 percent reduction of CO due 
to cooking the meat, Pactiv calculates a realistic intake estimate to be 0.084 milligrams (mg) CO 
per meal. Pactiv also calculates a worst case intake estimate to be 1,88 mg CO per meal, 
assuming that 1 00 percent of the CO present in the MAP is absorbed into the meat and that there 
is no reduction in CO during cooking. Pactiv cites published articles to support the assumptions 
used in the realistic exposure estimate and to support the conclusion that exposure to CO is safe 
at this level. 

The notice describes published reports of studies demonstrating the technical effect and safety of 
using CO as a component of a MAP system (similar to the MAP system that is the subject of 
GRN 000083) for storing meat These reports include published data (microbial growth profiles 
and odor and color data) from meat stored in MAP containing CO, CO* and N fc and meat stored 
in MAP containing only CO x and N x . Pactiv concludes that the presence of CO in MAP systems 
allows the meat to maintain a desirable red color during storage. In addition, CO neither affects 
the ability of the MAP system to slow the growth of a variety of microorganisms, nor affects the 
characteristic odor of meat spoilage. 

The notice describes an unpublished study using the MAP system that is the subject of GRN 
000083. The study examined the effects of the system on initial meat color, stability of color 
during display, and the relationship between color deterioration and microbial growth. The 
notice also includes unpublished pictures that compare the ageing (color deterioration) of meats 
stored for 20 days in an environment of CO, C0 2f and to the ageing of fresh cut meat and the 
ageing of meat stored in a high oxygen environment From these data, Pactiv concludes that once 
meat is removed from a MAP system containing CO, its color deteriorates at t similar rate to 
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that f meat that has notbeen exposed to CO. Pactiv also excludes that the use of CO in a MAP 
system does not result in red color life extension that could mask microbial spoilage of the meat. 

Based on the information provided by Pactiv, as well as other information available to FDA, the 
agency has no questions at this time regarding Pactiv's conclusion that CO is GRAS under the 
intended conditions of use. The agency has not, however, made its own determination regarding 
the GRAS status of the subject use of CO. As always, it is the continuing responsibility of Pactiv 
to ensure that food ingredients that the firm markets are safe, and axe otherwise in compliance 
with all applicable legal and regulatory requirements. 

During its evaluation of GRN 000083, OFAS consulted with the Labeling and Consumer 
Protection Staff of the Food Safety and Inspection Service (FSIS) of Ac United States 
Department of Agriculture regarding the use of CO in meat products. Based cm the information 
submitted by Pactiv, FSIS has concluded that the MAP system (ActiveTech™ 2001) as 
described in Pactiv's notice, and used under the conditions stated in Pactiv's notice, would be 
acceptable for packaging red meat cuts and ground meat In FSIS' view, Pactiv has demonstrated 
that this MAP system complies with FDA's definition of a processing aid Oat appears in labeling 
regulations (21 CFR 101.100(aX3)). There is no lasting functional effect in the food and there is 
an insignificant amount of carbon monoxide present in the finished product under the proposed 
conditions of use. As such, similar to uses of other MAP gases (e.g. 9 nitrogen), there are no 
labeling issues in regard to meat cuts and ground meat packaged using this MAP. Additionally, 
when considering the use of a food ingredient or additive in a meat product, FSIS historically has 
treated each livestock species separately. However, In this case, the data submitted by Pactiv can 
be extrapolated to all species of livestock. If you have any additional questions, you should direct 
your inquiry to Dr, Robert Post, Director, Labeling and Consumer Protection Staff, Office of 
Policy, Program Development and Evaluation* Food Safety and Inspection Service, 3G0 12th 
Street, SW, Room 602, Washington, DC 20250-3700. The telephone number of his office is 
(202) 205-0279 and the FAX number is (202)205-3625. 

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as a copy 
of the information in your notice that conforms to the information in proposed 21 CFR 
1 70.36(cX 1 ), is available for public review and copying on the homepage of the Office of Food 
Additive Safety (on the Internet at http://wwxfsanfda.gov/^lrd/foodaddhtml). 



Sincerely, 




AlanM.Rulis, Ph.D. 
Director 

Office of Food Additive Safety 
Center for Food Safety 



and Applied Nutrition 



